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INTRODUCTION 
This  r e p o r t  covers research a c t i v i t i e s  dur ing  t h e  pe r iod  June I, 
1969 through November 30, 1969 on t h e  p r o j e c t  Environmental Microbio logy 
as Related t o  Planetary  Quarantine. 
D i v i s i o n  o f  Environmental Health, School of P u b l i c  Health, a t  t h e  
U n i v e r s i t y  of Minnesota, under t h e  auspices of t h e  Nat ional  Aeronautics 
and Space Admin is t ra t ion .  
These s tud ies  were conducted by t h e  
Th is  r e p o r t  p e r t a i n s  t o  research conducted i n  a continuous 
pro jec t , there fore ,  d e t a i l s  regard ing background and procedures for  some 
o f  t h e  tasks  w i l l  be found i n  prev ious p r o j e c t  repor ts .  The research we 
have been conducting i s  repor ted  under f i v e  t a s k  headings. These f i v e  
areas a r e  a combination of t h e  tasks  ( l e t t e r  t o  L.B. Hal 1, October 28, 
1969) t h a t  were o u t l i n e d  i n  o u r  rev ised work p lans for  t h i s  p r o j e c t  year. 
I n  t h e  i n t r o d u c t i o n  of ou r  progress r e p o r t  No. 2, (June, 1969) we 
l i s t e d  t h r e e  quest ions t h a t  seemed p e r t i n e n t  i n  t h e  dry  heat  area of 
Planetary  Quarantine. The f i r s t  quest ion was !'What t r u e  e f f e c t  does 
t h e  q u a n t i t y  of water i n  t h e  spore a t  heat ing  medium temperature have 
on t h e  D-value?" 
expression has grown up amongst P lanetary  Quarant ine m ic rob io log i s t s  
s tudy ing  t h e  dry  heat  des t ruc t i on  of microorganisms. Th is  expression i s  
"water i s  t h e  b i g  problem i n  t h e  dry  heat  des t ruc t i on  of microorganisms". 
I t  has been almost f i f t e e n  years s ince  t h e  f i r s t  r e p o r t  was made of t h e  
s i g n i f i c a n t  e f f e c t  of water on d ry  heat  des t ruc t i on  ra tes .  I n  t h e  l a s t  
f i v e  years a g r e a t  many people have been a c t i v e l y  engaged i n  t r y i n g  t o  
e l u c i d a t e  these re la t i onsh ips .  We have had success i n  developing 
genera l i t i es ,  however, we have n o t  been successful i n  s p e c i f i c a l l y  
exp la in ing  a l l  t h a t  i s  involved. 
I n  my opin ion,  p a r t  o f  t h e  water problem stems from a confus ion 
i n  terminology and a f a i l u r e  t o  understand t h e  phys ica l  behavior of water 
i n  mix tures of water vapor and a i r .  
During t h e  pas t  few years a r a t h e r  d e s c r i p t i v e  
R e l a t i v e  humid i ty  i s  a p roper ty  of 
a i r  t h a t  can be measured i n d i r e c t l y  us ing  one of  several psychometric 
devices. Water a c t i v i t y  i s  t h e  c o n d i t i o n  of water i n  a s o l u t i o n  o r  
i ns ide  a c e l l .  By d e f i n i t i o n ,  when an e q u i l i b r i u m  c o n d i t i o n  e x i s t s  
i 
between a spore and i t s  surroundings, t h e  i n t e r n a l  water cond i t i ons  
(described by t h e  term "water a c t i v i t y " 1  and t h e  ex terna l  water cond i t i ons  
(described by t h e  term " r e l a t i v e  humid i ty" )  a re  equal. Although it i s  
impossible t o  measure t h e  water a c t i v i t y  o f  a mic rob ia l  spore d i r e c t l y ,  
many experimenters r e p o r t  t h e i r  data i n  terms of water a c t i v i t y ,  when t h e  
measured v a r i a b l e  i s  r e l a t i v e  humidity. I b e l i e v e  t h a t  i f  t h e  measured 
v a r i a b l e  i n  an experiment i s  r e l a t i v e  humid i ty  then t h e  data should be 
repor ted as a f u n c t i o n  of r e l a t i v e  humid i ty .  
When we t a l k  about water cond i t i ons  ex terna l  t o  t h e  m ic rob ia l  spore, 
Re la t i ve  humid i ty  i s  def ined as we approach another semantic hazard area. 
t h e  r a t i o  o f  t h e  p a r t i a l  pressure of t h e  water vapor i n  t h e  a i r  t o  t h e  
water vapor pressure i n  t h e  a i r  i f  it were sa tura ted  a t  t h e  same temperature 
( t h e  sa tura ted  water vapor pressure a t  t h e  described temperature). 
environmental microbio logy we a re  i n te res ted  i n  both t h e  r e l a t i v e  humid i ty  
as a r a t i o  va lue and as a measure of t h e  water vapor pressure i n  t h e  a i r .  
To o b t a i n  t h e  water vapor pressure value from rela-l-ive humid i ty  measurements 
we must know t h e  temperature a t  which t h e  r e l a t i v e  humid i ty  was measured. 
Throughout t h i s  r e p o r t  and i n  f u t u r e  work we a t  t h e  U n i v e r s i t y  of Minnesota 
p lan  t o  inc lude a temperature w i t h  a l l  r e l a t i v e  humid i ty  values. We p lan  
t o  use t h e  general form--37$ RH a t  2ZoC, 
I n  
I propose t h a t  we consider  t h e  use of e i t h e r  vapor pressure i n  
m i l l i m e t e r s  of mercury, o r  dew p o i n t  i n  degrees C as a replacement for our  
present  terms of r e l a t i v e  humid i ty  and temperature i n  o rde r  t o  i n d i c a t e  t h e  
water vapor c o n d i t i o n  i n  t h e  atmosphere surrounding a dry  heat  experiment. 
I f  we use e i t h e r  vapor pressure o r  dew p o i n t  temperature we w i l l  on l y  have 
t o  spec i f y  t h e  t e s t  temperature, (e.g. 125'C) and e i t h e r  vapor pressure or 
dew p o i n t  t o  g i v e  a complete p i c t u r e  o f  t h e  water vapor cond i t i ons  of t h e  
exper i men? . 
i i  
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I NTRODUCT I ON 
Experimental procedures f o r  measuring t h e  su rv i va l  ra tes  of 
b a c t e r i a l  spores as a f u n c t i o n  o f  r e l a t i v e  humid i ty  i n  sealed p l a s t i c  
con ta iners  a t  22O and 45OC were described i n  t h e  prev ious progress 
repo r t s  (December, 1968 and June, 1969). During t h e  c u r r e n t  r e p o r t i n g  
pe r iod  a number of experiments p rev ious l y  i n i t i a t e d  have been completed 
and a d d i t i o n a l  experiments have been performed. 
OBJ ECT I VE 
The o b j e c t i v e  of t h i s  p r o j e c t  i s  t o  determine t h e  e f f e c t  of 
r e l a t i v e  humid i ty  and r e l a t i v e l y  low temperatures (<90°C) on t h e  long- 
term s u r v i v a l  o f  b a c t e r i a l  spores on surfaces. I t  i s  poss ib le  t h a t  
t he re  may be temperature and humid i ty  cond i t i ons  acceptable t o  space- 
c r a f t  engineers which w i l l  produce a r e l a t i v e l y  r a p i d  r a t e  o f  reduc t ion  
i n  t h e  m ic rob ia l  spore populat ion.  The e f f e c t  o f  t h e  cond i t i ons  dur ing  
e i t h e r  space hardware assembly o r  post-assembly storage cou ld  be used 
t o  reduce t h e  te rmina l  s t e r i l i z a t i o n  bio-load. 
EXPERIMENTAL PROCEDURES 
The procedures f o r  o b t a i n i n g  t h e  des i red r e l a t i v e  humid i ty  
cond i t i ons  i n  sealed p l a s t i c  con ta iners  were prev ious ly  described i n  
Progress Report #I, December, 1968. D e t a i l s  o f  t h e  s i l i c a  ge l  prepara- 
t i o n  a r e  included i n  Appendix A of t h i s  repo r t .  
can be summarized as follows: 
Experiments which have been concluded dur ing  t h e  r e p o r t  per iod  
I .  F ina l  data analyses have been completed for  a 28-week 
experiment t o  determine s u r v i v a l  r a t e s  of B a c i l l u s  s u b t i l i s  
I 
var .  n i g e r  (spore code AAAA) a t  22OC and 45OC a t  < I O % ,  ~ 5 0 % ~  
and >90$ RH i n  t h e  c losed system and 22OC and 30% RH w i t h  t h e  
spores exposed t o  t h e  a i rs t ream o f  a laminar downflow room. 
Data through twenty weeks were presented i n  t h e  prev ious repo r t .  
A 12-week experiment us ing t h e  same species of  microorganisms a t  
45OC and < I O % ,  ~ 2 5 5 ,  %35%, and ~ 5 0 %  has a l s o  been completed and 
analyzed. The main purpose of t h i s  experiment was t o  determine 
t h e  e f f e c t  of r e l a t i v e  humid i t i es  in termediate between < I O %  and 
~ 5 0 %  because these humid i t i es  w i l l  be more acceptable t o  space- 
c r a f t  engineers f o r  s torage o f  components than humid i ty  of 50% 
o r  h igher .  
2. 
. I  
3. An 8-week experiment has been completed and analyzed, again 
us ing t h e  same suspension o f  B a c i l l u s  s u b t i l i s  var .  n ige r  a t  
6OoC and < I O $ ,  ~ 5 0 % ~  and >90% RH. 
A 12-week experiment has been completed and analyzed using a 
suspension o f  spores i s o l a t e d  from garden s o i l .  The s o i l  sus- 
pension was s to red  a 5OoC f o r  48 hours and then suspended i n  
ethanol t o  dest roy t h e  vegeta t ive  c e l l s .  Surv iva l  ra tes  were 
determined a t  45OC and < I O $ ,  ~ 5 0 % ~  and >90% RH. 
4. 
5. Based on data from t h e  above experiments, a d e f i n i t i v e  se r ies  
o f  experiments has been i n i t i a t e d  a t  45OC. 
summarized as fo l l ows :  
This  se r ies  can be 
The o b j e c t i v e  o f  these experiments i s  t o  evaluate t h e  
f o l l o w i n g  elements i n  t h e  procedure used t o  determine D-values of 
Baci I Ius  s u b t i l i s -  var. n ige r  spores s to red  a t  <I$, <2$, ~ 3 0 % ~  ~ 5 0 %  
and >90% RH a t  45OC. 
-
a )  S t r i p  ma te r ia l ;  g lass vs.  s t a i n l e s s  s tee l  
b )  Suspending f l u i d  o f  t h e  spores; 95% ethanol vs. water 
c )  D i f f e r e n t  spore crops; spores produced on Tam agar vs. spores 
produced i n  SSM-IO l i q u i d  medium 
d)  Box-to-box v a r i a t i o n  
Three experiments w i l l  be performed. The r e l a t i v e  humid i t i es  w i l l  
be < I % ,  < 2 8 ,  ~ 3 0 % ,  ~ 5 0 % ,  and >go%. 
design is shown i n  Table 1 . 1 .  
A summary of  t h e  experimental 
2 
Table 1 . 1  - Summary o f  Experiments on t h e  Surv iva l  of B a c i l l u s  s u b t i l i s  
var  Spores Stored a t  45OC - n9
0%, and >9Q% Relaiivg, Humldity 
~ 5 0 %  
>go% 
8 AAAA SS 8 AAAA ss 8 AAAA SS 
8 AAAA g 8 AAAB ss 8 AAND SS 
8 AAAA SS a AAAA ss 8 AAAA SS 
8 AAAA 9 8 AAAB ss 8 AAND SS 
* 
To achieve t h e  < I $  r e l a t i v e  humidity, p i n t  j a r s  t h a t  can be he rmet i ca l l y  
sealed w i l l  be used t o  conta in  t h e  s t r i p s .  S t r i p s  w i l l  be inoculated, e q u i l i -  
brated f o r  20-24 hours, placed i n  j a r s  and sealed i ns ide  a g love  box w i t h  an 
atmosphere o f  f l ow ing  dry  a i r  ( r e l a t i v e  humid i ty  $ I % ) .  
e tc .  w i l l  be d r i e d  over  s i l i c a  gel be fore  being placed i n  t h e  g love box. 
The mois ture i n  t h e  atmosphere o f  t h e  g love  box w i l l  be analyzed w i t h  a B e l l  
and Howell (C.E.C.) mois ture analyzer. From these data t h e  r e l a t i v e  humid i ty  
i n  t h e  j a r  a t  45OC w i l l  be ca lcu la ted .  
humid i ty  i n  +he j a r s  a f t e r  they have been sealed. The o the r  r e l a t i v e  humid i ty  
cond i t i ons  w i l l  be achieved as p rev ious l y  repor ted using s i l i c a  gel and water. 
Jars, covers, s t r i p s ,  
There a r e  no plans t o  check t h e  
Two conta iners a t  < I % ,  <2%, and ~30% r e l a t i v e  humid i ty  w i  1 I be 
analyzed every two weeks for  a per iod  of t e n  weeks. 
>90% RH w i  I I be an lyzed weekly for  a per iod  of f i v e  weeks. 
ma te r ia l s  o r  spore suspensions a re  being evaluated, f o u r  s t r i p s  of each 
mater ia l  w i l l  be p aced i n  a conta iner .  S t e r i l e  t e f l o n  s t r i p s  w i l l  be used 
t o  separate s t r i p s  placed back t o  back. 
S t r i p s  he ld  a t  ~ 5 0 %  and 
Where two s t r i p  
3 
Eigh t  s t r i p s  from t h e  g love box and e i g h t  from t h e  downflow 
room w i l l  be processed as zero-time con t ro l s .  
To date on ly  Experiment I has been c a r r i e d  o u t  b u t t h e  data 
ana lys i s  for  t h i s  experiment has n o t  y e t  been completed. 
A supplementary experiment was a l s o  c a r r i e d  o u t  t o  asce r ta in  
t h e  e f f e c t  o f  u t i l i z i n g  h igher  agar con'centrations when p l a t i n g  
g rea te r  q u a n t i t i e s  o f  d i l u e n t .  Th is  p r a c t i c e  has been fo l lowed 
i n  a l l  prev ious experiments i n  an e f f o r t  t o  equa l ize  t h e  a v a i l -  
ab le  n u t r i e n t  per  g iven volume o f  d i l u e n t .  
c a r r i e d  o u t  as fo l l ows :  
6 .  
The experiment was 
5 Approximately IO spores were deposited on each of f i v e  I "  x 
2" s t a i n l e s s  s tee l  s t r i p s  and were allowed t o  dry. Each s t r i p  
was placed i n  a 125 m l  f lask, 50 m l  o f  b u f f e r  were added, and 
t h e  f l a s k  was then insonated for  two minutes. 
D i l u t i o n s  o f  t h e  e l u a t e  were then made w i t h  s t e r i l e  b u f f e r  
so t h a t  by p l a t i n g  0.1, 1.0, IO, and 30 m l  a l iquo ts ,  t h e  same 
number o f  organisms. would be present  per  d i l u t i o n .  (See F igure 
1 . 1 ,  page 5 1 
Twenty m l  o f  s i n g l e  s t rength  TSA were used f o r  p l a t i n g  t h e  
. I  and 1.0 ml d i l u t i o n s ,  f i f t e e n  m l  o f  I 1/2 s t rength  TSA f o r  
t h e  I O  mi d i l u t i o n s ,  and t h i r t y  m l  o f  double s t reng th  TSA f o r  
t h e  30 m l  d i l u t i o n s .  
I 
7. A second supplementary experiment,was c a r r i e d  o u t  t o  determine 
whether two d i f f e r e n t  p i p e t t e s  would d e l i v e r  equal q u a n t i t i e s  
( .02 ml)  of spore suspension. We a l s o  wanted t o  f i n d  o u t  whether 
the re  was a t rend  toward e i t h e r  increas ing o r  decreasing deposi t  
concentrat ions w i t h  t ime between mix ing sequences fo r  t h e  spore 
suspension. The experiment was c a r r i e d  o u t  as fo l lows:  
Th i r ty - two I"  x 2" s t a i n l e s s  s tee l  s t r i p s  were contaminated 
w i t h  .02 m l  of an a lcohol  suspension o f  B a c i l l u s  s u b t i l i s  var. 
n i g e r  spores, s i x teen  using p i p e t t e  A (downflow room) and s ix teen 
us ing p i p e t t e  B (crossf low roorri). A vo r tex  mixer was used on t h e  
spore suspension a f t e r  i nocu la t i ng  each o f  t h e  e i g h t  s t r i p s  w i t h  
each p i p e t t e .  Immediately a f t e r  d ry ing .  t h e  s t r i p s  were t rans-  
f e r r e d  t o  s t e r i l e  125 ml f l a s k s  and processed a l t e r n a t e l y .  
4 
( in 
- - - 
Figure 1. - Graphic Experiment 
the Effect of Utilizing-Hi 
Plating Larger Quantities o 
(50 m/ buffer 
( in 30ml 2 X agar 1 
20mI I X aga r )  ( in 20mI I X aga r )  
( in 15m1 I '/2 x a g a r )  
Figure  1 . 1  - Graphical experimental design scheme 
for  s tud ies  t o  determine t h e  e f f e c t  o f  u t i l i z i n g  
I o4 
lo3 
<22"C, >90%Rff  
t n :  
I O 2  
IO' 
0 4 a 12 16 20 24 28 
Time in Weeks 
Figure  1.2 - Surv iva l  of B a c i l l u s  s u b t i l i s  var .  
n i g e r  spores a t  22 and 45-C'as a func t i on  of 
r e l a t i v e  humid i ty  dur ing  a 28-week experiment 
pe r  i od 
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RESULTS 
Figure 1.2 represents t h e  s u r v i v a l  of t h e  B a c i l l u s  s u b t i l i s  var .  
n ige r  spores a t  22OC and 45OC dur ing  t h e  28-week experiment. 
(see page 8 )  i l l u s t r a t e s  t h e  su rv i va l  a t  45OC a t  t h e  in termediate r e l a -  
t i v e  humid i t i es  dur ing  t h e  12-week experiment, wh i l e  F igure  1.4 (see 
page 8 1 dep ic ts  t h e  same in fo rmat ion  a t  6OoC dur ing  t h e  8-week exper i -  
ment a t  t h a t  temperature. The data from a l l  of these experiments a re  
summarized i n  Table 1.2 and included a re  t h e  range of  r e l a t i v e  humid i t i es  
recorded and t h e  D-values ca l cu la ted  from t h e  s lope o f  t h e  l eas t  squares 
regress ion l i n e s  of log N vs. t ime. 
F igure 1.3 -
Table 1.2 - D-values of B a c i l l u s  s u b t i l i s  var. n i g e r  Spores as a Function 
of  Re la t i ve  Hum'idity and Temperatures of 22O, 45O, and 6OoC 
Temperature 






28 I .5 391.5 
30-40 (LFR) 
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The r e l a t i o n s h i p  between D-value and r e l a t i v e  humidi ty a t  each 
temperature t e s t e d  i s  i l l u s t r a t e d  i n  F igure 1.5 (see page 8). I t  i s  
apparent t h a t  i n  t h e  ranges tes ted  both t h e  temperature and humidi ty 
s i g n i f i c a n t l y  a f f e c t e d  spore survlvai l .  
a t  t h e  h ighe r  temperatures and a t  t h e  h igher  humid i t ies.  
l i t t l e  die-away was observed a t  32OC, p a r t i c u l a r l y  i n  t h e  closed systems 
and where t h e  humidi ty was below 60%. 
s t r i p s  were exposed t o  t h e  laminar Plow a i r  stream the  die-away was more 
r a p i d  than it was i n  t h e  very h igh humidi ty c o n d i t i o n  i n  t h e  closed 
containers.  However, even these cond i t i ons  a t  2Z0C resu l ted  i n  consi-  
derably longer D-values than those i n  t h e  lowest humidi ty i n  experiments 
a t  45OC. 
a t  r e l a t i v e  humidi ty as low as %255&, i n d i c a t e  t h a t  important reduct ions 
i n  surface spore contarnination may be achfeved dur ing storage of the  
components p r i o r  t o  terminal  s t e r i l i z a t i o n .  I f  circumstances permi t  
storage a t  6OoC, even g rea te r  advantages may accrue. 
t h a t  D-value c a l c u l a t i o n s  have been used p r i m a r i l y  f o r  convenience i n  
r e p o r t i n g  t h e  r e s u l t s .  Observation of actual  surv iva l  curves (see 
Figures 1.2-1.41, i nd i ca tes  t h a t  l oga r i t hm ic  count reduct ion p l o t t e d  
aga ins t  t i m e  does no t  necessar i l y  follow a s t r a i g h t  l i n e .  
appears t o  acce le ra te  a f t e r  a c e r t a i n  t ime period, p a r t i c u l a r l y  a t  h igh 
humidi t tes,  thus making t h e  D-value est imates conserva t ive ly  h igher  
than they might otherwise. be. 
s u r v i v a l  curves w i l l  be c a r r i e d  out.  
The most r a p i d  die-away occurred 
c /  
R e l a t i v e l y  
I n  t e s t s  where t h e  spores on 
The D-values of less than twenty days observed a t  45OC, even 
I n  a l l  of t h e  foregoing experiments, it should be pointed o u t  
= 
Die-of f  
Fur ther  i n v e s t i g a t i o n  o f  t h e  shape of t h e  
The r e s u l t s  o f  experiment 4, which measured t h e  s u r v i v a l  of 
natura l  spores from a s o i l  sample, a re  i l l u s t r a t e d  i n  F igure 1.6 (see 
page 8) and a re  sumar i zed  i n  Table 1.3. 
Table 1.3 - Surv iva l  of Spores f Natura I 3oi 1 a t  45OC 
(12-week Experiment, No = 1 . 1  x I O  ) 
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F igu re  1.3 - Surv i va l  of B a c i l l u s  s u b t i l i s  var.  n i g e r  
spores a t  45OC a t  in termediate r e l a t i v e  humid i t i es .  
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Figure 1.4 - Surv 
spores a t  6OoC as 
va l  o f  B a c i l l u s  s u b t i l i s  var .  n i g e r  
a f u n c t i o n  o f  r e l a t i v e  humidi ty.  
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Figure 1.5 - The r e l a t i o n s h i p  o f  t h e  0-value i n  day 
w i t h  r e l a t i v e  humid i ty  i n  percent  f o r  t h e  data a t  
22, 45 and 6OOC. 
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.6 - Surv iva l  s tud ies  of spores obta ined fra 
d f o r  d i f f e r e n t  per iods o f  t i m e  a t  45OC a t  
r e l a t i v e  humid i ty  leve ls .  
I t  can be seen t h a t  t h e  humid i ty  e f f e c t  a t  45OC was s i m i l a r  t o  t h a t  
observed for  B a c i l l u s  s u b t i l i s  var. n ige r  spores. However, D-values for 
these spores a re  considerably  longer. T h e ' r e s u l t s  a re  n o t  d i r e c t l y  com- 
parable, however, as N i n  t h i s  case was several logs lower than i n  
o the r  experiments. 
-
0 
Table 1.4 summarizes t h e  r e s u l t s  t o  date of t h e  se r ies  o f  
experiments a t  45OC. 
Table 1.4 - Surv iva l  o f  B a c i l l u s  s u b t i l i s  var, n ige r  Spores a t  45OC 
* Humidity ca l cu la ted  a t  45OC bu t  measured dur ing  prepara t ion  on ly  
( a t  23OC) -- n o t  du r ing  storage. 
** No co lon ies  observed. - 
The spores used i n  t h i s  se r ies  a re  t h e  same as those prev ious ly  used. 
spore suspensions w i l l  be evaluated l a t e r .  The r e s u l t s  through s i x  weeks are  
reported. There i s  no i n d i c a t i o n  as yet, o f  a d i f f e r e n c e  i n  s u r v i v a l  r a t e  
between those spores i n  t h e  less than 2% R H , s i I i c a  gel boxes and those prepared 
i n  t h e  spec ia l  d ry  gas environment a t  < I $  RH. The very r a p i d  die-away of t h e  
spores which were deposited on g lass  s t r i p s  and s to red  a t  ~ 5 0 %  o r  >90% RH was 
su rp r i s ing .  These spores d ied  away so q u i c k l y  t h a t  a d d i t i o n a l  experiments w i l l  
have t o  be performed i n  o rde r  t o  o b t a i n  s u f f i c i e n t  data p o i n t s  t o  c a l c u l a t e  t h e  
D i f f e r e n t  
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D-va I ues . 
A secondary o b j e c t i v e  of t h i s  experiment has been t o  compare 
t h e  data from r e p l i c a t e  boxes, which each contained four  s t r i p s ,  under 
i d e n t i c a l  cond i t i ons  for  each r e l a t i v e  humid i ty .  Data analyses from 
t h i s  o b j e c t i v e  w i l l  be presented i n  t h e  nex t  repo r t .  
Data from t h e  experiment t o  determine t h e  e f f e c t  o f  agar concen- 
t r a t i o n  changes on t h e  number of microorganisms recovered a re  summarized 
i n  Table 1.5. 
Table 1.5 - E f f e c t  of Agar Concentrat ion on Colony Counts 
Q u a n t i t y  o f  
D i  I uent  
P I a ted  
( a )  
10.0 I 1/2 x 15 
I t  appears t h a t  t h e  o r i g i n a l  0.1 m l  from t h e  50 m l  o f  d i l u e n t  y ie lded  some- 
what h igher  counts than t h e  o t h e r  d i l u t i o n s ,  however, no s i g n i f i c a n t  
IO 
d i f f e rences  were observed among t h e  o the r  th ree  d i l u t i o n s .  Th is  ind ica tes  
t h a t  t h e  v a r i a t i o n  i n  agar concent ra t ion  genera l l y  achieved t h e  goal o f  
equa l i z ing  r e l a t i v e  agar s t rength  i n  t h e  pour pla-tes, 
The r e s u l t s  of experiment 7 a r e  summarited\in Table 1.6. 
Table 1.6 - Comparison o f  Two Eppendorf P ipe t tes  i n  
De l i ve r ing  0.02 m l  o f  Spore Suspension 
An ana lys i s  ind ica ted  t h a t  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  which could 
be a t t r i b u t e d  t o  t h e  p i p e t t e s  even a t  a = 0.10. 
t h a t  t he re  was no t rend toward increased o r  decreased concentrat ion of  t h e  
spore depos i t  ove r  t h e  e i g h t  deposi ts  made between t h e  mix ing  sequences 
o f  t h e  suspension. 
Results a l s o  d isc losed 
CONCLUS IONS 
A t  t h i s  t ime  it i s  apparent t h a t  s i g n i f i c a n t  die-away of B a c i l l u s  
s u b t i l i s  var. n i g e r  spores does occur a t  r e l a t i v e l y  low temperatures 
(45°-600C). 
P 
This  die-away i s  most pronounced a t  very h igh  r e l a t i v e  
humid i t y  
(% 50% o r  
w i t h  cons 
s t a  i n I ess 
b u t  t h e  s 
> 90%) 
even lower). The same e f f e c t  was noted for  na tura l  spores b u t  
derably  longer D-values. Glass s t r i p s ,  when compared t o  
s tee l ,  appear t o  g r e a t l y  acce le ra te  t h e  die-away a t  >50% RH, 
gn i f i cance  of t h i s  f i n d i n g  must awa i t  f u r t h e r  exp lo ra t ion .  
b u t  i s  a l s o  s i g n i f i c a n t  a t  in termediate humid i t i es  
FUTURE WORK 
I n  t h e  immediate f u t u r e  experiments w i l l  cont inue t o  evaluate 
d i f f e rences  between g lass and s t a i n l e s s  s tee l ,  and t h e  e f f e c t  of d i f f e r e n t  
spore suspension h i s t o r i e s .  Later, p r i o r i t y  w i l l  be g iven t o  experiments 
a t  h ighe r  temperatures (up t o  90°C), using d i f f e r e n t  sur face ma te r ia l s  and 
o the r  spore species. 
THE EFFECT OF HUMIDITY, LOCATION, SURFACE FINISH AND 
SEPARATOR THICKNESS ON THE DRY HEAT DESTRUCTION OF 
BACILLUS SUBTlLlS VAR. NIGER SPORES LOCATED BETWEFN MATED S\IRFACES 
P r o j e c t  Personnel: D. W. Drummond, 1 .  J. Pf lug,  and J. Haugen 
D i v i s i o n  of  Envii-onmental Heal th  
I NTRODUCT I ON 
This  i s  a con t inua t ion  o f  s tud ies  repor ted  i n  Progress Reports # I  
and #2. Report # I  described t h e  mated sur face experimental system and 
summarized t h e  p r e l i m i n a r y  experiments which were performed. 
i nd i ca ted  t h a t  r e l a t i v e  humid i ty  be fore  and dur ing  t reatment  and p o s i t i o n  
w i t h i n  t h e  mated sur face were t h e  most important parameters a f f e c t i n g  
m ic rob ia l  des t ruc t ion .  Other va r iab les  of i n t e r e s t  were t h e  surface 
f i n i s h  o f  t h e  mated sur face  and t h e  presence or absence of separators 
between t h e  surfaces. 
These 
A s e r i e s  of experiments was condclcted t o  exp lo re  t h e  e f f e c t s  
of t h e  parameters l i s t e d  above. I n  addi-t ion an open system was prepared 
and t e s t e d  t o  prov ide  experimental data comparable t o  t h a t  f o r  t h e  mated 
sur face  system. 
The present  r e p o r t  presents t h e  analyzed r e s u l t s  of experiments per- 
formed a f t e r  November, 1968. 
P re l  iminary data were repor ted i n  Progress Report #2. 
OBJECT I VE 
The o b j e c t i v e  of t h i s  p r o j e c t  i s  t o  measure t h e  thermal death 
parameters o f  B a c i l l u s  s u b t i l i s  var. n i g e r  spores i n  a mated sur face 
system and t o  determine t h e  e f f e c t  of c e r t a i n  v a r i a t i o n s  of t h e  env i ron-  
ment and surfaces on thermal des t ruc t ion .  
EXPERl MENTAL PROCEDURE 
D e t a i l s  of  t h e  experimental procedure a re  contained i n  Reports I 
and 2 (December, 1968 and June, 1969). A sketch of t h e  t reatment  apparatus 
w i t h  mated sur face package i n  p lace i s  shown i n  F igure 2.1. The e f f o r t  
i n  t h i s  p r o j e c t  dur ing  t h e  r e p o r t i n g  pe r iod  was used t o  c a r r y  o u t  t h e  
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Figure 2.1 - The heat  b lock  used fo r  t r e a t i n g  mated sur face  packages 
is shown w i t h  a package i n  place. The numbers represent  t h e  l oca t i on  
of  t h e  spore deposi ts  on t h e  6" x 8" mated surface. 
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f o l l o w i n g  new experiments: 
1 .  Mated System 
a. Measurement of m i  crob i a I d e s t r u c t  i on  parameters o f  spores 
a f t e r  cond i t i on ing  i n  a c lean room . 
The f i r s t  of a s e r i e s  of t e s t s  t o  compare t h e  thermal 
res is tance of B a c i l l u s  s u b t i l i s  var. n i g e r  w i t h  t h e  thermal 
res i s tance  of spores i s o l a t e d  by J e t  Propuls ion Laboratory 
from t h e  Mariner Spacecraft. 
A t e s t  of t h e  e f f e c t  of t h e  concent ra t ion  of spores i n  a 
mated surface area on t h e  D-value. 
b. 
c. 
2.  Open System 
a. Experiments a t  h igh  and low cond i t i on ing  and treatment 
humid i t i es  were repeated w i t h  t h e  t ime for movement from 
t h e  c o n d i t i o n i n g  t o  t h e  t reatment environment reduced 
from four  minutes t o  approximately twenty seconds. 
b. An experiment w i t h  spore c o n d i t i o n i n g  and treatment i n  a 
c lean r o o m  provides data a t  intermediate r e l a t i v e  humidi ty 
cond i t i ons  
3.  Development of d e t a i l e d  data ana lys ts  compufer programs. 
a. Analysis o variance. The ana lys i s  of var iance was c a r r i e d  
o u t  by t h e  s t a t i s t i c a l  serv ices group o f  t h e  Biometry 
Department o f  t h e  School o f  P u b l i c  Health, U n i v e r s i t y  of 
Minnesota. The model used t o  analyze a l l  data was a 
combination of f a c t o r i a l  and s p l i t - p l o t  approaches. I n  
both t h e  mated surface and t h e  oven systems each group of 
samples which received a given time-temperature t reatment 
combination was considered t o  be a whole p l o t .  
i n d i v i d u a l  samples w i t h i n  t h e  t ime-treatment c m b i n a t i o n  
( i .e. the p o s i t i o n s  w i t h i n  t h e  mated surface package) were 
t h e  sub-plots. A f a c t o r i a l  ana lys i s  of t h e  whole p l o t  
a l lowed separat ion of t h e  e f f e c t s  of day of treatment, 
c o n d i t i o n i n g  humidity, t reatment humidity, surface f i n i s h ,  
e tc .  as appropr ia te  t o  a g iven experiment. The s p l i t - p l o t  
ana lys i s  determined whether t h e r e  were v a r i a t i o n s  among 
pos i t i ons ;  such v a r i a t i o n s  would be expected i n  t h e  mated 
The 
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system b u t  no t  i n  t h e  open system. Since ana lys i s  of 
var iance assumes t h a t  t h e  var iance of i nd i v idua l  samples i s  
a constant, it was necessary t o  modify t h e  data so t h a t  t h e  
assumption would ho ld.  The ana lys i s  therefore,  was c a r r i e d  
o u t  on t h e  logarithms of t h e  data values. Since a l l  data 
values were included, even those which were zero, t h e  ac tua l  
modi fy ing f u n c t i o n  used was t h e  logar i thm of datum value +1.0. 
The m o d i f i c a t i o n  in t roduces a small e r r o r  i n  t h e  data, bu t  it 
i s  no t  s i g n i f i c a n t  above an estimated value of twenty spores 
where it produces a 5% e r r o r .  The modification a l lows t h e  
d i r e c t  computer ana lys i s  of t h e  data. 
b. L inear  regression. The l i n e a r  regress ion was c a r r i e d  o u t  by 
a computer program developed s p e c i f i c a l l y  for  t h e  ana lys i s  
o f  m ic rob io log i ca l  data. The program performs t h e  f o l l o w i n g  
tasks : 
I .  
2 .  
3 .  
4. 
4 .  
6 .  
L i s t s  t h e  raw data 
Computes and l i s t s  t h e  logar l thm o f  datum value +1.0 
Computes and l i s t s  t h e  geometric mean, standard e r r o r  
and t h e  95% confidence i n t e r v a l  f o r  rep1 i c a t e  values f o r  
each exposure t ime  
Performs a least-squares l i n e a r  regress ion ana lys i s  on 
t h e  data 
Calcu lates and p r i n t s  t h e  D-values, t h e  y - i n te rcep t  and 
t h e i r  95% confidence i n t e r v a l s  
Ca lcu la tes  separate regress ion l i n e s  and D-values f o r  
each column (e.g. p o s i t i o n )  
RESULTS AND DISCUSSION 
The r e s u l t s  a re  summarized experiment-by-experiment i n  t h i s  sec t ion .  
Where appl icable,  an ana lys i s  of var iance was used t o  determine s t a t i s t i c a l  
s ign i f i cance .  The D-values and y - i n te rcep ts  of t h e  regress ion l ines,  t h e  
95% confidence i n t e r v a l  for each, and t h e  i n t e r c e p t  r a t i o  ( I R )  where I R  
equals log yo/log No a re  recorded i n  t h e  data tab le .  The I R  i s  a gross 
measure o f  t h e  shape o f  t h e  s u r v i v o r  curve du r ing  t h e  i n i t i a l  
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p o r t i o n  o f  t h e  heat  t reatment  ( i .e .  t h e  p o r t i o n  between t=o  and t h e  
sho r tes t  t reatment  time.) I f  t h e  I R  i s  g rea te r  than 1.0 the re  may be 
a t rend  for  t h e  D-value t o  decrease w i t h  increas ing heat ing  times; 
t h a t  i s  f o r  t h e  curve t o  be concave downwards, t h e  curve may be thought 
t o  have a shoulder. I f  t h e  I R  i s  less than 1.0 t h e  i n i t i a l  p o r t i o n  o f  
t h e  curve i s  concave upwards. The logarithms were used t o  c a l c u l a t e  
t h e  I R  s ince t h e  i n t e r c e p t  of t h e  regress ion l i n e  and t h e  va lue of  No 
are both ca l cu la ted  us ing t h e  logarithms o f  t h e  data. I f  f u r t h e r  ana lys i s  
o f  t h e  I R  i s  des i red a t  a l a t e r  t ime it w i l l  be less complex than t h e  
ana lys i s  o f  a s t a t i s t i c  which was composed o f  func t ions  o f  o t h e r  s t a t i s t i c s .  
The ana lys i s  of var iance was performed us ing a l l  recovered data. I n  
a1 I cases where t h e  ana lys i s  was performed, s i x  p o s i t i o n s  from t h e  mated 
sur face p l a t e  were included. To make t h e  present  r e p o r t  manageable, 
however, on l y  t h e  r e s u l t s  f o r  pos i t i ons  I and 5 have been repor ted i n  t h e  
tab les .  
Experiment DD8320 
The experiment evaluated t h e  e f f e c t  of f o u r  t reatment  humid i t i es  
on t h e  D-value of spores i n  t h e  mated sur face system. A l l  samples 
were cond i t ioned a t  40% r e l a t i v e  humid i ty  and 23OC i n  a clean room; t h e  
t reatment  humid i t i es  were .36$, .66%, .79$, and 1 1 %  a t  125OC. 
The t reatment  humid i t i es  were obtained by p lac ing  t h e  t reatment  
apparatus i n  a walk-in r e f r i g e r a t o r ,  an a i r -cond i t ioned laboratory ,  a 
humid i f ied  clean-room, and a humid i f ied  incubator  respec t ive ly .  Each 
t ime-treatment combination was r e p l i c a t e d  four  times. The r e p l i c a t e s  
were prepared, t reated,  and processed together .  The data a re  summarized 
i n  Table 2.1. 
The spores used i n  t h e  experiment have t h e  same genet ic  
composition as t h e  AAAC spores used i n  subsequent experiments b u t  they 
are from an e a r l i e r  crop whose product ion was less we l l - con t ro l l ed .  
Therefore, t h e  r e s u l t s  a re  n o t  d i r e c t l y  comparable w i t h  t h e  r e s u l t s  o f  
l a t e r  experiments. The spores used i n  t h e  present  experiment were 
s to red  i n  alcohol f o r  about a year be fore  they were re-suspended i n  
water i n  p repara t ion  for  t h  s experiment. 
w i t h  those of experiment 13 repor ted i n  Progress Report # I ,  suggest 
t h a t  spores produced under ess than ideal  condi t ions,  and/or spores 
The present r e s u l t s  along 
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which have been s to red  f o r  a long t ime  show a g rea te r  s e n s i t i v i t y  t o  t r e a t -  
ment humid i ty  than do fresh, more-res is tant  spores such as those used i n  
experiment DD9066; t h i s  p o s s i b i l i t y  should be explored w i t h  a d d i t i o n a l  
species and v a r i e t i e s  o f  spores. 
Table 2.1 - D -values, Y- in tercepts  ( y o )  and The i r  .95 Confidence I n t e r v a l s  
E f f e c t s  of Four Treatment Humid i t ies a t  One Condi t ion ing Humidity 
483 I n te rcep t  Rat ios f o r  Experiment DD8320. Comparison o f  t h e  
Cond i t ion ing  





Pooled Data (4 rep1 i ca tes )  
31.5 (23.9,45.9) 
E4 (2.27E4,1.52E5) 
* I R  = log yo No = 1.20E5 (9.45E4,1.52E5) 
‘log No 
The ana lys i s  o f  var iance (Table 2.2) shows t h a t  t reatment  humid i ty  has a 
s i g n i f i c a n t  e f f e c t  on t h e  thermal des t ruc t i on  of these spores i n  c o n t r a s t  t o  
the  r e s u l t s  o f  experiment DD9066. As i n  a l l  o f  t h e  experiments, p o s i t i o n  has 
a s i g n i f i c a n t  e f f e c t  w i t h  s u r v i v a l  be ing lower near t h e  edge o f  t h e  mated 
sur face p l a t e  than near t h e  center .  There i s  a l s o  evidence o f  i n t e r a c t i o n  
between humid i ty  and p o s i t i o n  and a l s o  between t reatment  t ime  and pos i t i on ;  
t h i s  means t h a t  t h e  e f f e c t  o f  t reatment  humid i ty  and t h e  e f f e c t  of t reatment  
t ime are  probably dependent upon t h e  l oca t i on  o f  t h e  spores w i t h i n  t h e  mated 
su rf ace. 
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Table 2.2 - Analys is  o f  Variance f o r  Experiment DD8320: Comparison o f  t he  
E f f e c t s  of Four Treatment Humid i t ies  (.36, .66, .79, I. 1 %  RH 
a t  125OC) a t  One Cond i t ion ing  Humidity (40% RH a t  23OC) 
Data Analys is  of Experiment DD9066 
The experiment evaluated t h e  e f f e c t  of two leve is  o f  c o n d i t i o n i n g  
humid i ty  (<2$ and 90% RH a t  23OC) and two leve ls  of t reatment  humid i ty  
(.34% and I. 1 %  RH a t  125OC) on thermal des t ruc t ion .  The experiment was 
c a r r i e d  o u t  f i v e  times, each on d i f f e r e n t  days. Each experiment used 
f o u r  t reatment  t imes (15,40,65, and 90 minutes) i n  a d d i t i o n  t o  t h e  
var ious humid i ty  t reatments for  a t o t a l  o f  s i x teen  6!' x 8" p l a t e s  o r  
96 I "  x 2" s t r i p s  per  experiment, exc lus i ve  of con t ro l s .  
r e s u l t s  o f  t h e  experiment were repor ted i n  Progress Report #2; t h e  data 
are summarized i n  Table 2.3 and are  shown i n  graphica l  form i n  F igure 
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Figure 2.2 - Data po in ts  and l e a s t  squares regress ion l i n e s  for Experiment DD9066: 
Comparison of the  e f f e c t s  of two condi . t ioning humid i t ies  ( ~ 2 %  and 90% RH a t  23OC) 
and two treatment humid i f ies  C.34$ and l e t $  RH a t  125°C1 i n  a mated sur face system. 
Each datum p o i n t  i s  t h e  geometric mean recovery from f i v e  s t r i p s .  
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Table 2 - 3  - D125-values, Y- in tercepts  Cyo) and T h e i r  -95 Confidence I n t e r v a l s  
and In te rcep t  Rat ios f o r  Experiment DD9066. Comparison o f  t h e  
E f f e c t s  of  Two Cond i t ion ing  Humid i t ies  and Two 
Treatment Humid i t ies i n  a Mated Surface System 
Pooled Data(5 rep i  i ca tes )  
l ond i t i on ing  Treatment 
RH a t  23OC RH a t  125OC I 
I ow I ow D 
<2% .34% Yo 
IF; 
h igh  h igh  D 
90% 1 . 1 %  Yo 
I R  
N O  
I f t h e  resu I t s  repor ted  
B I 
27.2 (21,2,37.9) 23.0 (16.3,38.8) 
E5 (l047E5,5.37E5) E5 (l.lOE5,5.64E5) 
= 2.13E5 (1.27E5,3.55E5) 
here are  compared w i t h  those repor ted i n  Progress 
Report 82, a considerable d i f f e r e n c e  i n  D-values w i l l  be noted; i n  t h e  e a r l i e r  
r e p o r t  t h e  a r i t h m e t i c  means were p l o t t e d  f o r  each t ime-treatment combination 
and a regress ion l i n e  was estimated v i s u a l l y ,  I n  t h e  present experiment, t h e  
regress ion l i n e  was ca l cu la ted  us ing t h e  logarithms o f  t h e  data. The logar i thm 
t rans format ion  makes t h e  var iance of t h e  p o i n t s  independent of t h e  meanp a 
necessary p re-cond i t ion  for  l i n e a r  regress ion and ana lys i s  o f  variance. An 
equ iva len t  v i sua l  procedure would be t o  p l o t  t h e  geometric means f o r  each 
t ime-treatment combination and then est imate t h e  regress ion l i n e  v i s u a l l y .  
When spores a re  cond i t ioned ai- <Z$ RH a t  23OC and t r e a t e d  a t  -34% RH 
a t  125OC, t h e  D-value a t  p o s i t i o n  I i s  c l e a r l y  less than t h e  D-value a t  p o s i t i o n  
5. The r e s u l t s  suggest t h a t  t he re  i s  less water a t  p o s i t i o n  I than a t  p o s i t i o n  
5. When spores are  cond i t ioned a t  t h e  lower humid i ty  and t r e a t e d  a t  t h e  h igher  
humidity, however, p o s i t i o n  I a t  f i r s t  appears t o  have a h igher  D-value than 
p o s i t i o n  5; however, a look a t  t h e  confidence i n t e r v a l s  w i l l  show t h a t  t h e  
i n t e r v a l s  over lap  almost completely, We may say, and it is confirmed by t h e  
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ana lys i s  of variance, t h a t  t h e  p o s i t i o n  e f f e c t  i s  smal le r  a t  h ighe r  
humid i t ies ;  i n  o t h e r  words, t h e  d i f f e r e n c e  i n  behavior between p o s i t i o n  
I and p o s i t i o n  5 i s  smal ler  a t  h igh  t reatment  humid i t i es  than a t  low 
t reatment  humdities; probably because water vapor i s  l o s t  from t h e  
exposed edge of t h e  mated sur face more s low ly  a t  h igher  t reatment  humi- 
d i t i e s .  
When t h e  cond i t i on ing  humid i ty  i s  h igh  t h e  r e s u l t s  show a consi- 
derably l a rge r  D-value a t  t h e  center  p o s i t i o n  than a t  t h e  edge p o s i t i o n  
f o r  both t h e  low and h igh  t reatment  cond i t ions .  Th is  i s  compatible 
w i t h  t h e  reasoning above s ince  t h e  sur faces condi t ioned a t  a h igher  
humid i ty  s t a r t  t h e  t reatment  c y c l e  w i t h  a l a rge r  water content. 
t o  measure t h e  water content  of a spore sample may soon be ava i lab le ;  a 
d i r e c t  measurement o f  water conten t  combined w i t h  an ana lys is  of t h e  
d i f f u s i o n  c h a r a c t e r i s t i c s  of t h e  mated sur face package should permi t  a 
r e l a t i o n s h i p  t o  be developed between water loss and thermal des t ruc t ion .  
A rev ised mated system i s  proposed under "Future Work1' which w i l l  make 
such an ana lys i s  more feas ib le .  
Methods 
The ana lys i s  of var iance (Table 2.4) shows t h a t  t h e  day on which 
an experiment i s  performed has a s i g n i f i c a n t  e f f e c t  on t h e  r e s u l t s .  
This r e s u l t  appears f requen t l y  i n  experiments w i t h  t h i s  system as we l l  
as w i t h  o the r  systems; it requ i res  f u r t h e r  exp lo ra t ion .  Condi t ion ing 
humid i ty  has a very s i g n i f i c a n t  e f f e c t ,  although t reatment  humid i ty  
does not .  I n  t h e  sub-plot analys is ,  however, a s i g n i f i c a n t  i n t e r a c t i o n  
between t reatment  humid i ty  and p o s i t i o n  i s  detected. Th is  i s  t h e  v a r i -  
a t i o n  i n  t h e  e f f e c t  of p o s i t i o n  w i t h  humid i ty  which was discussed above. 
P o s i t i o n  w i t h i n  t h e  mated sur face has a s i g n i f i c a n t  e f f e c t  on t h e  death 
parameters. 
D-value data for  t h e  same spores (AAAC) a t  t h e  same cond i t i on ing  
and t reatment  humid i t i es  b u t  i n  an open system a re  repor ted as 
experiment DD9304. 
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Table 2.4 - Analys is  o f  Variance f o r  Experiment DD9066. Comparison of t h e  
E f f e c t s  o f  Two Condi t ion ing Humld i t ies (<2% and 90% RH a t  23OC) 
and Two Treatment Humid i t ies  ( -34% and 1 . 1 %  
RH a t  125OC) i n  a Mated Surface System 
I Source I ss 
Mai np l o t  
I Between 6'' x 8" Sheets I 1166,7464 
44 5468 
Cond i t ion ina  Humiditv 623,9927 
I Treatment Humid i t v  I 2.9505 
Cond i t ion ing  Humidity 
3.96 (Pg.09) 
221.72 (P<.OOI 
1413 I .45 (P<.025) 
320 0976 I I 
479 I I 
Experiment DD9 I 4  1 
The experiment repeated one of t h e  la rge  D-va 
experiment DD9066 us ing a t reatment  t ime s u f f i c i e n t  
spore popu la t ion  by a f a c t o r  o f  1000; t h i s  he lps t o  
behavior o f  t h e  curve occurs a f t e r  long t reatment  t 
ue cond i t ions  of 
t o  reduce t h e  i n i t i a l  
assure t h a t  no unusual 
mes. Another objec- 
t i v e  o f  t h e  experiment was t o  i nves t i ga te  t h e  day-to-day v a r i a b i l i t y  which 
occurs i n  t h i s  and o t h e r  experimental systems. The quest ion was: does 
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t h e  v a r i a b i l i t y  appear among r e p l i c a t e s  handled on t h e  same day o r  does 
it appear from day t o  day? 
i n  t h e  t reatment  package o r  t h e  experimental system would be suspected; 
i n  t h e  l a t t e r  case a v a r i a t i o n  i n  t h e  prepara t ion  or processing or some 
o t h e r  extraneous f a c t o r  would be more l i k e l y ,  
I n  t h e  former case, unsuspected v a r i a t i o n s  
The experiment was repeated on two d i f f e r e n t  days. On each day 
two se ts  o f  mated sur face p l a t e s  were prepared, t reated,  and processed 
together .  Three t reatment  t imes ( I ,  3.5, and 6 hours) were used. A I  I 
t e s t  samples were condi t ioned a t  <2% RH a t  23OC and were t r e a t e d  a t  
.34% RH a t  125OC. The r e s u l t s  a r e  summarized i n  Table 2.5. 
-values, Y- in tercepts  ( y o >  and T h e i r  .95 Confidence 
2 * 5  - D1a5 I n  e r v a l s  and I n t e r c e p t  Rat ios for  Experiment DD9141. 
Up t o  Six-hour Treatment o f  Samples Condit ioned a t  
90% RH a t  23OC and Heated a t  .34% RH a t  125OC 
Dav I 
P o s i t i o n  I - P o s i t i o n  5 
D 72.8 (56.6,101.9) 105.7 (65.4,275.5) 
y o  3.29E5 (3.67E4,2.95E6) 3.02E5 (1.15E4,7.92E6) 
IR 1.05 I .04 
Day 2 
1 P o s i t i o n  5 P o s i t i o n  I 
D 64,l (55.8,75.3) 72.3 (66.6,79.1) 
y o  3.37E5 (9.15E4,1.24E6) 5.28E5 (2.71E5,IaO3E6) 
I R  1.05 I .08 
Pooled Data(2 rep1 i c a t e s )  
(67.0,Il9.4) 
No = 1.90E5 (1.42E5,2.55E5) 
The s u r v i v o r  curves behaved i n  t h e  usual manner; however, 
t h e  D-values obta ined a r e  somewhat longer than those f o r  t h e  same 
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cond i t i ons  i n  experiment DD9066. The ana lys i s  o f  var iance (Table 2.6) 
shows t h a t  t h e  day-to-day v a r i a t i o n  i s  s i g n i f i c a n t  a t  t h e  .05 l eve l .  
The r e s u l t s  conf i rm t h a t  it Is b e t t e r  t o  c a r r y  ou t  r e p l i c a t e  experlmonfal 
runs on d i f f e r e n t  days r a t h e r  than a l l  on t h e  same day. By c a r r y i n g  o u t  
t h e  runs on d i f f e r e n t  days, t h e  mean D-values and in te rcep ts  w i l l  approach 
t h e  rea l  va lue more c lose ly .  The cause o f  t h e  day-to-day v a r i a t i o n  i s  
s t i l l  unexplained; however, w i t h i n  days t h e  i n t e r - r e l a t i o n s h i p s  o f  t r e a t -  
ments a re  very we1 I preserved, thereyore t h e  c a h e  o f  .the v a r i a t i o n  i s  
probably ex terna l  t o  t h e  t reatment  system, Var ia t i ons  i n  barometr ic  
pressure o r  i n  some o t h e r  atmospheric f a c t o r  seem most l i k e l y ,  although 
v a r i a t i o n s  i n  t h e  recovery b u f f e r  o r  n u t r i e n t  medium may be responsib le .  
Fur ther  s tud ies  a re  most des i rab le  t o  d iscover  t h e  source o f  t h e  day-to- 
day v a r i a t i o n .  
Table 2.6 - Analys is  of Variance f o r  Experiment DD9141. Up t o  Six-hour 
Treatment o f  Samples Condit ioned a t  90% RH 
a t  23OC and Heated a t  .34$ RH a t  125OC 
Source SS d f  MS F 
Experiment DD9155 
The experiment compared t h e  thermal des t ruc t i on  of  spores deposited 
on type  301 s t a i n l e s s  s tee l  ( r o l l e d  f i n i s h )  w i t h  t h e  des t ruc t i on  o f  spores 
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on type 302 s t a i n l e s s  s t e e l  (brushed f i n i s h ) .  
<2% RH a t  23OC and were t r e a t e d  a t  .34% RH a t  125OC. The experiment was 
completely r e p l i c a t e d  on two d i f f e r e n t  days. The r e s u l t s  a re  summarized 
i n  Table 2.7. 
Spores were condi t ioned a t  
Table 2.7 - -values, Y- in tercepts  ( yo )  and T h e i r  .95 Confidence I n t e r v a l s  
D'g?d In te rcep t  Rat ios f o r  Eyperiment DD9155. Comparison of t h e  
Type 302 Sta i n less Stee I Condit ioned a t  <2$ RH 
a t  23OC and Heated a t  .34% RH a t  125OC 
E f f e c t s  o f  Ro l led  F i n i s h  on Type 301 w i t h  Brushed F i n i s h  on 
No = 1.94E5 (1.15E5,3.29E5) 
Experiment 13 ( repor ted  i n  Progress Report # I )  showed t h e  major 
d i f f e rence  between t h e  two surfaces w i t h  type  302 having a smal le r  D-value. 
This was a t t r i b u t e d  t o  t h e  s l i g h t l y  rougher f i n i s h  on t h e  type 302 s t e e l .  
However, t h e  present experiment shows a reversa l  o f  t h e  r e s u l t s  of exper i -  
ment 13 w i t h  t h e  t ype  301 showing a smal le r  D-value i n  t h e  present  exper i -  
ment. Although t h e  d i f f e r e n c e  between D-values was much smal ler  i n  t h e  
present experiment, t h e  ana lys i s  o f  va r  
d i f f e rences  were s i g n i f i c a n t e a t  t h e  .05 
The spores i n  experiment 13 were 
were abandoned for  experiment use; t h e  
t h a t  experiment was probably due t o  t h e  
a nce 
I eve 
a t e r  
a rge 
PhYS 
o f  t he  spores. The s e n s i t i v i t y  of spores t o  
(Table 2-81 shows t h a t  t h e  
found t o  be u n r e l i a b l e  and 
e f f e c t  of  sur face f i n i s h  i n  
co-chemical c h a r a c t e r i s t i c s  
humid i ty  cond i t i ons  seems 
t o  be increased by long s torage and by poor spore prepara t ion  cond i t ions .  
As mentioned above, a v i sua l  comparison of t h e  r e s u l t s  of experiments 
DD8320 and DD9066 suggests tha t ,  e s p e c i a l l y  du r ing  t h e  s h o r t  pe r iod  when 
the  spores a re  i n  t h e  t reatment  environment, newer and more r e s i s t a n t  
spores a re  less l i k e l y  t o  show d i f f e rences  i n  death parameters, due t o  
d i f f e rences  i n  t h e  t reatment  system. Fu r the r  i n v e s t i g a t i o n  o f  t h e  e f f e c t s  
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of  surface f i n i s h  on var ious types of spores may be des i rab le .  
Table 2.8 - Analys is  of Variance f o r  Experiment DD9155. Comparison of 
t h e  E f f e c t s  o f  Ro l led  F i n i s h  on Type 301 w i t h  Brushed 
F i n i s h  on Type 302 S ta in less  Steel  Condit ioned a t  
<2% RH a t  23OC and Heated a t  .34$ RH a t  125OC 
Source ss 
Mainp lo t  
Between 6" x 8" Sheets 19.5467 
Days .0248 
Surface F i n i s h  I .6050 
Treatment Time 15.3837 
S x T  .7865 
Mainp lo t  Residual I .7467 
Subp I o t  
Wi th in  6" x 8'' Sheets 4.7085 
Pos it i ons 3. I653 
P o s i t i o n  x Process .8222 
Subplot Residual .721 I 




The experiment compared t h e  thermal des t ruc t i on  o f  spores i n  t h e  
usual mated sur face package, w i t h  t h e  des t ruc t i on  i n  a package i n  which 
a l ong i tud ina l  .OlO inch separator  was placed between t h e  p la tes .  The 
shape of t h e  separator  used i s  shown i n  F igure  4.2 o f  Progress Report 
# I .  The spores were condi t ioned a t  <2% RH a t  23OC and were t r e a t e d  a t  
.34$ RH a t  125OC. 
The r e s u l t s  a re  shown i n  Table 2.9. 
The experiment was r e p l i c a t e d  on two d i f f e r e n t  days. 
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Table 2.9 - D -values, Y- in tercepts  ( y o )  and T h e i r  .95 Confidence I n t e r v a l s  
Iz5and in te rcep t  Rat ios for  Experiment DD916i. Comparison o f  
t h e  E f f e c t s  of Packages With and Without a .OlO inch 
Separator Between t h e  Mated Surfaces 
Pooled Data(2 r e p l i c a t e s )  
No = 1.76E5 (1.28E5,2.42E5) 
The ana lys i s  of var iance (Table 2.10) shows t h a t  t h e  presence o r  absence 
of  a separator  has no s i g n i f i c a n t  e f f e c t  on spore des t ruc t ion .  
Table 2.10 - Analys is  o f  Variance f o r  Experiment DD9161. Comparison o f  t h e  
E f f e c t s  o f  Packages With and Without . O l O  Inch Separator 
Between t h e  Mated Surfaces. Condit ioned a t  
42% RH a t  23OC and Heated a t  .34% RH a t  125OC 




The experiment was c a r r i e d  o u t  us ing  spores suspended i n  water and 
having no h i s t o r y  o f  a lcohol  storage. I t  had been suspected -that wa te r -  
s to red  spores behaved d i f f e r e n t l y  from spores w i t h  a h l s t o r y  of a lcohol  
s torage and it was hoped t h a t  t h e  r e s u l t s  o f  t h i s  survey experiment might 
p rov ide  a d d i t i o n a l  in fo rmat ion  w i t h  which t o  i n t e r p r e t  t h e  r e s u l t s  o f  
prev ious experiments. Three types o f  t reatment  packages were used: t h e  
o rd ina ry  package prepared w i t h  t ype  301 ( r o l l e d  sur face)  s t a i n l e s s  s tee l ,  
t h e  package w i t h  .OlO inch separators  as used i n  experiment DD9161 and 
t h e  o rd ina ry  package prepared w i t h  t ype  302 (brushed surface) s t a i n l e s s  
s t e e l .  The t e s t  samples were cond i t ioned a t  40% RH and t r e a t e d  a t  .34% 
RH a t  125OC. The r e s u l t s  a r e  shown i n  Table 2.11. Only f o u r  samples 
per  p l a t e  were recovered and t h e  experiment was c a r r i e d  o u t  on on ly  one 
day s ince  on ly  r e l a t i v e  values were des i red and t h e  experiment was 
performed as a survey. 
Table 2.11 - D -values, Y- in tercepts  ( yo )  and The i r  -95 Confidence I 
I #Zrva I s and I n te rcep t  Rat ios f o r  Exper iment DD9 I69 
E f f e c t s  o f  Three Types o f  Mated Surfaces on Spores 
and Heated a t  .34% RH a t  125OC 
(AABF) Condit ioned a t  40% RH a t  23OC 
- .  . 




N o  = 2.94E5 (Ze46E5,3.5IE5) 
The presence o r  absence of a separator  seems t o  have no e f f e c t .  The 
t ype  302 surface seems t o  produce an increase i n  D-value which might  be 
found t o  be s i g n i f i c a n t  i f  r e p l i c a t e  experiments were c a r r i e d  ou t .  The 
r e s u l t s  are s i m i l a r  t o  t h e  r e s u l t s  of experiments DD9155 and DD9161 which 
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measured t h e  behavior of spores w i t h  a h i s t o r y  of a lcohol  storage. 
D 
yo 
I R  
Experiment DD9 176 
The spores i n  t h i s  experiment were cond i t ioned a t  <2% RH a t  23OC and 
t rea ted  a t  .46% RH a t  I15OC. The r e s u l t s  a re  shown i n  Table 2.12. 
211.8 (205.7,218.3) 234.6 (63.2,~)  
1.05E5 (9.75E4,1.14E5) 1.73E5 (2.66E2,1.12E8) 
.95 .99 
Y- in tercepts  (yo )  and T h e i r  .95 Confidence 
In te rcep t  Rat ios f o r  Experiment DD9176. 
Table 2.12 - 
Condit ioned a t  425% RH a t  23OC and 
Heated a t  .46% RH a t  I15OC 
I P o s i t i o n  I I P o s i t i o n  5 I 
No = 1.97E5 (1.62E5,2.39E5) 
The r e s u l t s  represent o n l y  one mated sur face package per  t ime- 
I f  t h e  average D-value for  t h e  s i x  recovered pos i -  treatmen-t combination. 
t i o n s  on t h e  p l a t e  (292 minutes) i s  compared w i t h  t h e  weighted average of 
the  po r t i ons  o f  experiments DD9155,DD9161 and DD9066 which were s i m i l a r l y  
t reated,  a Z-value o f  IIOC i s  obtained. Th is  va lue i s  smal le r  than most 
of  t h e  dry  heat Z-values repor ted i n  t h e  l i t e r a t u r e ;  i t  i s  important t h a t  
we determine whether t h i s  i s  an a r t i f a c t  o r  i s  c h a r a c t e r i s t i c  of t h e  mated 
sur face system. The D-value confidence i n t e r v a l  for  t h e  pooled data of 
experiment DD9176 i s  218 minutes t o  440 minutes. 
g ives  a range f o r  t h e  Z-value of 9-13 minutes which is roughly analogous 
t o  a .95 confidence i n t e r v a l .  I t  should be noted t h a t  t h e  t reatment  
humid i ty  f o r  experiment DD9176 i s  s l i g h t l y  h igher  than t h a t  of t h e  exper i -  
ments t r e a t e d  a t  125OC due t o  l i m i t e d  con t ro l  on t h e  t reatment  environment 
used. 
Using these extremes 
f u r t h e r  study a t  several humid i ty  cond i t i ons  and t reatment  




The experiment evaluated t h e  e f f e c t  o f  t h ree  cond i t i on ing  humid i t ies .  
Samples were cond i t ioned a t  <2%, 36% and 90% r e l a t i v e  humid i t i es  a t  23OC 
and were t r e a t e d  a t  .34$ RH a t  125OC. 
two d i f f e r e n t  days. The data a re  summarized i n  Table 2.13. 
The experiment was rep1 ica ted  on 
Table 2.13 - D -values, Y-intercepts(y,) and The i r  .95 Confidence I n t e r v a l s  
I 25and I n te rcep t  R a t i o s  f o r  Experiment DD9273 e Compar i son o f  
t h e  E f f e c t s  o f  Three Cond i t ion ing  Humid i t ies  
a t  One Treatment Humidity ( -34% RH a t  125'C) 
RH a t  23OC 
Pooled Data ( 2  rep1 i ca tes )  







33. I (20.7,84.0) 
4.92E4 (5.71E3,4.25E5) 







145.6 (53.0, 1 
1.26E5 (3.06E4,5.20E5) 
.99 
No = 1.41E5 (6.64,3.00E5) 
As has been shown i n  prev ious mated sur face  experiments, 
c o n d i t i o n i n g  humid i ty  has a la rge  e f f e c t  on D-value. Th is  i s  confirmed 
i n  t h e  ana lys i s  of var iance i n  Table 2.14. The r e s u l t s  show again t h a t  
t h e  y - i n te rcep t  of t h e  s u r v i v o r  curve as we l l  as i t s  s lope i s  a f f e c t e d  
by t h e  c o n d i t i o n i n g  humid i ty .  
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Table 2.14 - Analysis of Variance for Experiment DD9273. Compar 
Effects of Three Conditioning Humidities (<2%, 36% 
at 23OC) at One Treatment Humidity ( .34% RH at 
* P>.I 
son of the 




The extreme conditioning humidities of  this experiment and the 
conditioning humidities of experiment DD9066 are the same so the results 
may be compared if the confounding factor of day-to-day variation is kept 
in mind. The data are compared in Table 2,15. 
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Table 2.15 - D-values, Y-intercepts(y,) and i n t e r c e p t  Rat ios f o r  Comparable 
Condi t ions from Experiments DD9066 and DD9273 
( t r e a t e d  a t  .34% RH a t  125OC) 
P o s i t i o n  I 
D 
Condi t ioned 
a t  23OC 
a t  <2% RH yo  
I R  
D 
Condi t ioned 
a t  23OC 






























The D-values for  t h e  low humid i ty  t e s t s  were of  
both experiments and i n  general t h e  D-value a t  p o s i t i  
from t h e  D-value a t  p o s i t i o n  5 a l though i n  both cases 
were la rger .  When t h e  spores were cond i t ioned a t  90% 














I J6E5  
(3.06E4,5.20E5) 
* 99 
t h e  same magnitude i n  
n I d i d  n o t  d i f f e r  g r e a t l y  
t h e  D-values a-t p o s i t i o n  5 
RH a t  23OC, considerably  
ues i n  experiment DD9273 
were from 50% t o  more than 150% l a r g e r  than t h e  D-values of experiment DD9066. 
I n  both cases t h e  D-values a t  p o s i t i o n  5 were a l s o  50-150% g rea te r  than t h e  
D-values a t  p o s i t i o n  I .  The s i g n i f i c a n c e  o f  these r e s u l t s  i s  n o t  understood a t  
t h i s  t ime. 
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Experiment DD9277-open system 
The experiment was c a r r i e d  o u t  t o  prov ide  data on t h e  dry  heat  
des t ruc t i on  o f  spores i n  an open system a t  an in termediate cond i t i on ing  and 
RH a t  23OC and were 
es were prepared, t reated,  
t reatment  humid i ty .  
t rea ted  a t  .444% RH a t  125OC. 
and processed for  each t ime-treatment combination. 
o u t  on on ly  one day. The t reatment  system i s  descr 
The r e s u l t s  a re  shown i n  Table 2.16, 
Spores were cond i t ioned a t  36% 
Two se ts  o f  f i v e  samp 
The experiment was c a r r i e d  
bed i n  Progress Report 8 2 .  
Table 2.16 - -values, Y-intercepts(y,) and The i r  .95 Confidence I n t e r v a l s  
D l  g?d I n te rcep t  Ra-r i os f o r  Exper i ment DD9277. Cond i ti oned a t  
36% RH a t  23OC and Heated a t  -44% RH a t  125OC i n  an Open System 
Rep1 i c a t e  I y i  I 9.26E3 ( I  .22E3,7.03E4) 
2 e 77 
4.5,2l .6 
I Po0 I ed 1.20E4 (3.64E3,3.97E4) I yk I .78 . 
I . . .  . 1 ,  , I J 
No = 1.47E5 (1.26E5,1.71E5) 
Experiment DD9304-open system 
__TI 
The experiment i s  s i m i l a r  t o  t h e  open-system experiment- repor ted i n  
Progress Report #2. 
RH a t  23OC and were t r e a t e d  a t  .344% o r  I .  1 %  RH a t  125OC. The cond i t i ons  
are  comparable t o  those o f  experiment DD9066 f o r  a mated system. 
ment was completely r e p l i c a t e d  on two d i f f e r e n t  days. 
th ree  1 ' '  x 2'' s t r i p s ,  each c a r r y i n g  one spore depos i t  were assigned t o  each 
t ime-treatment combination. Th is  g ives  a t o t a l  o f  s i x  r e p l i c a t e  samples 
f o r  each t ime-treatment combination. 
Samples were cond i t ioned a t  less than 24% RH o r  a t  89% 
The exper i -  
I n  each experiment, 
I n  t h e  e a r l i e r  experiment t h e r e  was an unavoidable delay between 
removal o f  t h e  s t r i p s  from t h e  c o n d i t i o n i n g  environment and t h e i r  i n s e r t i o n  
i n t o  t h e  t reatment  environment. I n  t h e  present  experiment, t he  t ime was 
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reduced from f o u r  minutes t o  20 seconds. 
was monitored throughout t reatment  and t h e  f i n a l  counts were cor rec ted  
t o  a t reatment  temperature o f  125OC us ing a Z-value of  21°C. 
a re  shown numer ica l l y  i n  Table 2.17 and g r a p h i c a l l y  i n  F igure 2.3. 
The temperature of each s t r i p  
The . resul ts  
Table 2.17 - -values, Y- in te rcepts (yo)  and The i r  .95 Confidence I n t e r v a l s  
D'%d. I n t e r c e p t  Rat ios fo r  Experiment DD9304. Comparison o f  t h e  
E f f e c t s  o f  Two Condi t ion ing Humid i t ies and 
Two Treatment Humid i t ies  i n  an Open System I 
iondi t ion ins 
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I .62E5 2.16E5 
(5.28E4,5.00E5) (l.lOE5,4.22E5) 


























reated - .34%RH ----- ; numbers below l i ne  
based on recovery of 
less than  30 colonies 
per strip. 
Conditioned< 2%RH 
Treated - .34%RH 
0 20 40 60 80 100 120 
TIME (MINUTES) 
F igure 2.3 - Data p o i n t s  and l e a s t  squares regress ion l i n e s  for  Experiment DD9304: 
Comparison of t h e  e f f e c t s  o f  two cond i t i on ing  humid i t i es  (<2% and 90% RH a t  23OC) 
and two t reatment  humid i t i es  (.34$ and 1 . 1 %  RH a t  125OC) i n  an open system. Each 
datum p o i n t  i s  t h e  geometric mean recovery from s i x  s t r i p s .  
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The ana lys is  of var iance (Table 2.18) shows t h a t  i n  t h e  open system, 
both c o n d i t i o n i n g  and t reatment  humid i ty  have an e f f e c t  on t h e  thermal 
of var iance a l s o  shows t h a t  p o s i t i o n  d i d  n o t  have a s i g n  
A comparison o f  F igure 2.2 (mated system, page 20) 
(open system) shows t h e  r e l a t i v e l y  l a rge r  e f f e c t  o f  t r e a  
open system. 
des t ruc t i on  of spores, I n  t h e  mated system, it w i l l  be remembered, 
cond i t i on ing  humid i ty  i s  c l e a r l y  t h e  most important f a c t o r .  The ana lys i s  
f i c a n t  e f f e c t .  
and F igure 2.3 
ment RH i n  t h e  
Table 2.18 - Analys is  of Variance f o r  Experiment DD9304, Comparison of 
t h e  E f f e c t s  of Two Condi t ion ing Humid i t ies(<2$ and 90% RH 
a t  23OC) and Two Treatment Humidit ies(,34% and 
1 . 1 %  RH a t  125OC) i n  an Open System 
Mai np l o t  
I Between Racks o f  3 S t r i p s  I 185.9220 
I 12.6575 I I Days 
Treatment RH 
Other In te rac t i ons  I I e I478 
Ma i n p I o t Res i d u a I 
Subp I o t  
6.2291 
Wi th in  Racks o f  3 S t r i p s  5 e 8389 
P o s i t i o n  e 1632 
+ 








.59 ( n o t  s i g s ) *  




The experiment was a comparison between t h e  AAAC spores which have 
been used i n  near ly  a l l  t h e  mated sur face experiments, t h e  same spores 
d i l u t e d  ten fo ld ,  and VDLA spores (Mar'lner I s o l a t e  #4-47A grown on synthe-t-ic 
spo ru la t i on  medium) supp l ied  by J e t  Propuls ion Laboratory. The two 
d i f f e r e n t  d i l u t i o n s  of t h e  AAAC spores were used t o  see whether depos i t ion  
from a more d i l u t e  suspension, which t h e o r e t i c a l l y  would decrease clumping, 
would have an e f f e c t  on thermal des t ruc t ion .  
a t  36% RH a t  23OC and were t r e a t e d  a t  .34% RH a t  125OC. The r e s u l t s  a re  
shown i n  Table 2.19. 
The spores were cond i t ioned 
Table 2.19 - D -values, Y- in te rcepts (yo)  and The i r  .95 Confidence I n t e r v a l s  
Iz5and In te rcep t  Rat ios fo r  Experiment DD9329. Comparison o f  
AAAC Spores w i t h  VDLA Spores Cond i t i onedaat 36% RH 
a t  23°C and Heated a t  .34% RH a t  125OC 
72.3 (66.9,78,7) 
131.4 (70,5,966.81 
Up t o  t h e  105-minute maximum t reatment  time, t h e  VDLA spores 
showed much g rea te r  heat  res is tance than d i d  t h e  AAAC spores. 
judgment on t h e  res is tance o f  t h e  VDLA i s o l a t e  w i l l  r equ i re  repeated 
experiments us ing longer t reatment  times. The t reatment  t ime should 
be long enough f o r  t h e  s u r v i v o r  curve t o  t rave rse  a t  l e a s t  t h r e e  log 
cyc les.  Th is  i s  e s p e c i a l l y  t r u e  i n  t h i s  case s ince  some workers have 
A f i n a l  
repor ted a decreasing D-value w i t h  increas ing t reatment  t imes f o r  t h i s  
and r e l a t e d  spores. 
concent ra t ion  o f  AAAC i n  these t e s t s  (2 x IO per  .02 m l )  and t h e  




d i l u t e d  concent ra t ion  ( 2  x IO per  .02 m l )  o f  t h e  AAAC spores i s  a l s o  
inconclus ive a t  t h i s  t ime, 
1 .  
2.  




Treatment humid i ty  has a much la rge r  e f f e c t  on D-values i n  
an open system than it does i n  a mated-surface system. The 
t reatment  humid i ty  has an e f f e c t  i n  mated systems, however, 
it may be n e g l i b l e  as f a r  as t h e  design o f  spacecra f t  
s t e r i l i z a t i o n  cyc les  a re  concerned. 
I n  t h e  open system used here, both cond i t i on ing  and t r e a t -  
ment humid i ty  a f f e c t  D-value, y - i n te rcep t  and I R .  
Both t h e  D-value and y - i n te rcep t  must be considered i n  a 
d iscuss ion of mic rob ia l  s u r v i v a l .  The i n t e r c e p t  r a t i o  ( I R )  
appears t o  be usefu l  f o r  discussion. 
The mated-surface system shows a g rea te r  v a r i a b i l i t y  than 
does t h e  open system. Th is  i s  n o t  unexpected and i s  
probably due t o  v a r i a b i l i t i e s  i n  t h e  mated-surface package 
and i n  t h e  o f f - t he -she l f  s t a i n l e s s  s t e e l  used f o r  t h e  mated 
surfaces. I t  emphasizes, however, t h e  need f o r  r e p l i c a t i n g  
data where h igh  p r e c i s i o n  i s  desired. 
The loca t i on  o f  spores i n  a mated sur face has an important 
e f f e c t  on t h e i r  thermal des t ruc t i on  r a t e ,  The spores near 
t h e  edge tend t o  have smal le r  D-values than spores a t  t h e  
center  o f  t h e  6" x 8" p l a t e .  
FUTURE WORK 
The measurement o f  
w i l l  complete phase I o f  
experiments contemplated 
For phase 2 of t h e  
Z-values and o f  D, y b p  and I R  i n  d ry  n i t rogen  
t h e  mated-surface study, These are  t h e  l a s t  
f o r  t h e  present  heat  b lock.  
study, a new disc-shaped t reatment  apparatus 
w i l l  be constructed. A disc-shaped mated sur face w l thout  packaging 
ma te r ia l  would lend i t s e l f  t o  engineer ing ana lys is  more r e a d i l y  than 
would t h e  rec tangu lar  mated sur faces used i n  t h e  phase I study. The 
apparatus w i l l  be const ructed i n  several s izes  t o  s imulate d i f f e r e n t  
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s izes  o f  mated surfaces. 
be const ructed so t h a t  m u l t i p l e  samples can be t r e a t e d  simultaneously; t h i s  
w i l l  be p a r t i c u l a r l y  important as we attempt t o  measure t h e  s u r v i v a l  of 
very smal I numbers of organisms. 
I n  add i t ion ,  a number of u n i t s  of each s i z e  w i l l  
Several sur face mater ia ls ,  both m e t a l l i c  and p l a s t i c ,  w i l l  be used 
t o  s imu la te  ma te r ia l s  present on t h e  spacecraf t .  
t ime i n  d ry  n i t rogen  a f t e r  assembly and cond i t i on ing  under c lean room con- 
d i t i o n s  and before t reatment  i n  dry  n i t rogen  should be explored, s ince mated 
surfaces r e - e q u i l i b r a t e  t o  new humid i ty  cond i t ions  more s lowly  than do open 
s u r f  aces. 
The e f f e c t  of s torage 
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DETECTION OF LOW LEVELS OF MICROBIAL CONTAMINATION 
ON SURFACES BY CHEMICAL APPROACHES 
P r o j e c t  Personne I : Ve I t a  Goppers 
D i v i s i o n  of Environmental Heal th  
INTRODUCTION - 
Studies a r e  i n  progress t o  develop’chemical methods which w i l l  
q u i c k l y  enumerate sur face  m ic rob ia l  contamination. A t  t h e  present stage 
o f  development a microscope photometer i s  being used i n  o rder  t o  measure 
and eva lua te  t h e  q u a n t i t i e s  of t h e  separated nuc leo t ides  from t h e  micro- 
b i a l  
deve 
b i a l  
c e l l s  found on t h i n - l a y e r  p la tes ,  
OBJ ECT 1 VE 
The o b j e c t i v e  o f  these s tud ies  i s  t o  make it poss ib le  t o  use 
oped chemical method f o r  t h e  determinat ion o f  t h e  number o f  m 
c e l l s  on surfaces. 
t h e  
c ro-  
EXPERIMENTAL PROCEDURE 
As was prev ious I y reported, nuc I e o t  i des were ex t rac ted  from 
mic rob ia l  c e l l s  and separated by t h i n - l a y e r  chromatography. The 
developed chromatoplates were examined v i s u a l l y  under u l t r a v i o l e t  l i g h t  
a t  3600 and 2500 angstroms. I n  o rde r  t o  increase t h e  s e n s i t i v i t y  o f  
t h e  chemical methods, t h a t  i s , t o  de tec t  a smal le r  number o f  m ic rob ia l  
c e l l s  on surfaces, a m 
measures t h e  i n t e n s i t y  
from t h e  separated nuc 
A t  t h e  present  t 
photometer a re  under a 
i nc I udes : 
croscope photometer i s  be ing used. Th is  u n i t  
of t h e  f l uo rescen t  l i g h t  which i s  r e f l e c t e d  
eotides--adenosine t r iphosphate.  
me, t h e  chemical procedure and t h e  microscope 
s t r i c t  s tandard i za t i on  process. Th is  process 
1 .  Analyzing t h e  prepared and chromatographical ly p u r i f i e d  
b lank chromatoplates f o r  i n t e r f e r i n g  substances and t h e  
homogeneity of t h e  layer .  
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2. Conducting s tud ies  which check t h e  background chemical contamination 
from t h e  surrounding environment. 
3. Taking readings from t h e  separated f luorescent  nuc leo t ides  on t h i n -  
layer  p la tes .  
growth phase, B a c i l l u s  s u b t i l i s  var .  n i g e r  and standard compounds. 
These p l a t e s  a re  prepared from bac te r ia  E. co l i  i n  
Some changes have been introduced I n  o rder  t o  t r a n s f e r  t h e  E. c o l i  
c e l l s  onto t h e  chromatographic p l a t e :  
I .  The bac te r ia  E, co l  i ce l  I s  were removed from t h e  sur face o f  t h e  
agar p l a t e  w i t h  a t a r r e d  g lass  c a p i l l a r y  loop and were then weighed 
on an a n a l y t i c a l  balance. The weighed mater ia  
t r a n s f e r r e d  t o  d i s t i l l e d  water, mixed thorough 
t h i n - l a y e r  p l a t e s  f o r  chemical separation. 
2. The ce l l - c lean ing  procedure (washing w i t h  d i s t  
omi t ted  f o r  t h e  t ime beisng u n t i  I c e r t a i n  quest 
was immediately 
y and spot ted on 
I l e d  water) was 
ons can be c l a r i f i e d .  
Besides us ing E. c o l i  c e l l s  which were c u l t i v a t e d  on t h e  t h r e e  d i f f e r e n t  
kinds o f  media mentioned above, l i m i t e d  work was a l s o  done w i t h  B a c i l l u s  
sub t i  I i s  var .  n iger .  
The q u a n t i t y  o f  E. coli used i n  t h i s  i n v e s t i g a t i v e  phase was large 
enough t o  make it poss ib le  t o  v i s u a l l y  locate t h e  s i g n i f i c a n t  substances on 
th in - l aye r  p l a t e s  i n  u l t r a v i o l e t  l i g h t .  I n  t h i s  case t h e  concentrat ion was: 
one lambda equal t o  I x I O  grams. The concent ra t ion  o f  t h e  nex t  group o f  
d i l u t i o n s  prepared was: one lambda equal t o  I x 10 grams. 'These d i l u t i o n s  
were app l ied  t o  chromatographic p l a t e s  i n  q u a n t t t i e s  o f  three, two and one 
I ambda a 
-6 
-9 
RESULTS AND DISCUSSION 
The r e s u l t s  which were obta ined by us ing t h e  microscope photometer 
are very encouraging. 
and cha r t s  because t h e  purpose of t h i s  phase was t o  s tandard ize t h e  method 
and t h e  u n i t  i t s e l f ,  Results were observed o n l y  on a readout u n i t .  I n  t h e  
near f u t u r e  they w i  I I be recorded w i t h  a connected recorder. 
A t  present, we are  no t  supply ing groups of numbers 
The base l ine  f o r  t h e  blank, prepared chromatoplate, according t o  
t h e  microscope photometer readout u n i t ,  i s  w i t h i n  +2$. This  dev ia t i on  from 
a s t r a i g h t  l i n e  i s  caused by t h e  
layer  and w i l l  be lowered by add 
r e f  I e c t  i on of t h e  p a r t  i c 
ng some a d d i t i o n a l  mater 
es on t h e  t h i n -  
a l  i n  o rde r  t o  
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make t h e  sur face more even. Th is  base l ine  i s  q u i t e  good and can be 
t o l e r a t e d  i f  it i s  no t  contaminated by t h e  environment. 
The chemical background contamination was d e f i n i t e l y  v i s i b l e  a f t e r  
t h e  above scanned p l a t e s  were exposed t o  a na tu ra l  labora tory  environment 
for  t h e  length of t ime  which i s  requ i red  i n  regu la r  procedure. On t h e  
readout u n i t  t h e  peaks produced f r o m  t h e  contaminated p a r t i c l e s  were as 
h igh  as 204% and covered longer o r  sho r te r  d is tances according t o  t h e  
s i z e  of t h e  p a r t i c l e s  which were deposited from t h e  a i r .  
t h a t  a f t e r  t h e  p l a t e s  are  chromatographical ly cleaned they must be 
pro tec ted  from chemical contamination. For t h e  same reason c e r t a i n  phases 
of t h e  separat ion procedure must be conducted i n  a c o n t r o l l e d  environment. 
Th is  proves 
The readout u n i t  reg i s te red  d e f i n i t e l y  every area where t h e  
nuc leo t ides  were located and t h e  i n t e n s i t y  o f  t h e  peaks reached as much 
as 40%. The r e s u l t s  were n o t  I inear  because of  t h e  la rge  q u a n t i t i e s  used. 
Th is  i s  an i n d i c a t i o n  t h a t  t h e  u n i t  w i l l  be ab le  t o  de tec t  small q u a n t i t  
o f  t h e  ex t rac ted  and separated nuc leo t ides  from a small number of microb 
c e l  Is. 
I t  i s  apparent t h a t  t h e  E. c o l i  c e l l s  were no t  washed w i t h  
d i s t i l l e d  water due t o  t h e  obvious changes i n  chemical p a t t e r n  which var  
w i t h  t h e  length o f  t ime  t h e  ma te r ia l  was handled. The negat ive e f f e c t  of 
d i s t i l l e d  water on m ic rob ia l  c e l l s  i s  a l s o  repor ted i n  t h e  l i t e r a t u r e .  
The resu 
chromatog r a p  h y 
promising resu 
CONCLUS I ON 
es 
a l  
ed 
t s  i n d i c a t e  t h a t  t h e  chemical method us ing t h i n - l a y e r  
i n  connection w i t h  t h e  microscope photometer produces very 
t s  i n  de tec t i ng  low numbers o f  m ic rob ia l  c e l l s  on surfaces. 
FUTURE WORK 
Future work w i l l  i nvo lve  completion o f  t h e  research phase t o  
determine how many b a c t e r i a  t h e r e  a re  on t h e  sur face.  
s tandard ize t h e  microscope photometer and a d j u s t  t h e  chemical procedure 
according t o  o u r  needs. The q u a n t i t y  range o f  t h e  unknowns for  t h e  g iven 
c o n d i t i o n  w i l l  be es tab l i shed.  More work w i l l  be done w i t h  standard 
compounds, E. c o l i ,  B a c i l l u s  s u b t i l i s  and o t h e r  species. 
We w i  I I cont inue t o  
The l a s t  phase of research w i l l  be devoted t o  analyz ing d i f f e r e n t  
sur faces f o r  t h e  number o f  m ic rob ia l  c e l l s  present, 
43 
DRY HEAT DESTRUCTION RATES OF 
BACILLUS S U B T I E  VAR. NIGER IN A CLOSED SYSTEM 
P r o j e c t  Personnel: B. Moore, I .  J .  P f l u g  and J.  Haugen 
D i v i s i o n  o f  Environmental Heal th  
I NTRODUCT I ON 
During t h e  past  s i x  months we have begun a study of dry  heat  
des t ruc t i on  ra tes  o f  spores i n  a c losed system. To date we have 
oped one t ype  of appat'&kus ior- use i n  t h i s  projecl- and have 
ned some p re l im ina ry  data. 
dt?W 
obta  
OBJ ECT I VE 
The o b j e c t i v e  o f  t h i s  p r o j e c t  i s  t o  determine dry  heat  D-values 
of  microorganisms i n  c losed systems: s p e c i f i c a l l y  it i s  t o  determine 
I )  t h e  r e l a t i o n s h i p  of  spore D-value t o  spore water content, 2 )  t h e  
e f f e c t  o f  t h e  atmospheric volume per  spore on t h e  D-value o f  spores 
w i t h  d i f f e r e n t  i n i t i a l  water contents 3) t h e  e f f e c t  o f  pressure on 
D-value, 4 )  t h e  e f f e c t  o f  water absorp t ion  and water vapor t r a n s f e r  
c h a r a c t e r i s f i c s  of p l a s t i c  ma te r ia l s  on t h e  D-values o f  microorganisms 
adjacent  t o  o r  imbedded i n  these mater ia ls ,  and 5)  i f  +here are  
d i f f e rences  between t h e  D-values of spores encapsulated i n  metals vs. 
spores encapsulated i n  p l a s t i c s .  
L I TERATURE REV I EW AND BACKGROUND 
The most fundamental need o f  both NASA and t h e  s c i e n t i f i c  
community i s  t o  know t h e  prec ise  r e l a t i o n s h i p  of wafer and spore D-value. 
The problem i s  severe ly  complicated by two fac to rs :  I )  it i s  near ly  
impossible t o  measure t h e  q u a n t i t y  of water i n  t h e  spore and 2 )  it 
i s  extremely d i f f i c u l t  t o  keep t h e  water i n  t h e  spores constant. 
I t  i s  apparent a t  t h i s  t ime t h a t  t h e  spore D-value i s  very 
s e n s i t i v e  t o  minute changes i n  water content .  
ambient cond i t i ons  o f  35% RH a t  22OC and heat ing  t o  100 or 125OC i n  
t h i s  atmosphere (35% RH a t  22OC) w i l l  r e s u l t  i n  a loss of water from 
S t a r t i n g  w i t h  spores a t  
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spores on surfaces and a decrease i n  D-value. Encapsulated microorganisms 
'may a l s o  lose water; however, t h e i r  water loss w i l l  depend on t h e  surround-. 
ing  phys ica l  system. I f  a device o r  system i s  assembled under normal 
ambient water vapor cond i t i ons  (35$ RH a t  22OC) t h e  encapsulated microor- 
ganisms w i l l  have a l a r g e r  D-value than they would have under any lower 
water cond i t i on .  Therefore any d ry ing  of t h e  system w i l !  r e s u l t  i n  a 
smal ler  D-value. 
One o f  t h e  c r i t i c a l  loca t ions  o f  encapsulated microorganisms i s  
i n  and under p o t t i n g  compounds o r  conformal coat ings.  
the D125°C 
was obta ined from labora tory  experiments where B a c i l l u s  s u b t i l i s  spores 
were encapsulated i n  L u c i t e  and epoxy rods and t h e  rods were placed i n  
sealed thermal-death-time tubes t o  be heated i n  an o i l  bath. The cond i t ions  
t o  which those spores were subjected w i l l  c e r t a i n l y  be s i m i l a r  t o  t h e  
cond i t i ons  t o  which spores encapsulated i n  la rge  pieces o f  Luc i te  o r  epoxy 
w i l l  be sub jec t  t o  on t h e  spacecraf t .  However, were t h e  cond i t i ons  used 
by Ange lo t t i  t h e  same as t h e  cond i t i ons  of spores located under t h i n  layers  
( l e s s  than 0.5 inches) o f  p l a s t i c ?  Since t h e  sealed tube re ta ined  t h e  
water vapor from t h e  p l a s t i c  rod it i s  poss ib le  t h a t  t h e  D-value o f  t h e  
spores i n  t h e  rod under these cond i t i ons  was h ighe r  than i f  t h e  rod  were 
heated ou ts ide  t h e  g lass tube. 
a reduc t ion  i n  D-value i s  s u f f i c i e n t  t o  warrant experiments i n  t h i s  area. 
A t  t h e  present  t ime  
for  encapsulated m ic rob ia l  spores i s  f i v e  hours. This  value 
I 
We be l i eve  t h a t  t h e  p o t e n t i a l  ga in  from 
I n  t h e  s t e r i l i z a t i o n  cyc les  f o r  spacecra f t  hardware t h e  come-up 
t ime f o r  t h e  hardware be fore  t h e r e  i s  a s i g n i f i c a n t  l e t h a l  e f f e c t  may be 
f i v e  t o  t e n  hours. 
p l a s t i c  rod  and t h e  encapsulated spores; t h i s  w i l l  r e s u l t  i n  a reduced 
spore D-va I ue. 
During t h i s  t ime water may be l o s t  from both t h e  
Encapsulated spores were s tud ied  ex tens ive ly  i n  t h e  e a r l y  p a r t  
o f  t h e  NASA Planetary  Quarant ine Program. Most of t h e  s tud ies  o f  encapsu- 
la ted spores were c a r r i e d  o u t  when the re  was l i t t l e  understanding of t h e  
c r i t i c a l  r o l e  played by water i n  t h e  dry  heat system. 
has been designed t o  s t a r t  where e a r l i e r  s tud ies  ended, us ing t h e  new 
The< present  research 
' A n g e l o t t i  , e t .  a l  . I l l  n f  I uence o f  Spore Mois ture Content on t h e  Dry- 




knowledge of d ry  heat spore des t ruc t i on  t o  design experiments t h a t  w i l l  
hope fu l l y  g i v e  a more complete p i c t u r e  o f  t h e  dry  heat des t ruc t i on  
c h a r a c t e r i s t i c s  of encapsulated microorganisms. 
Development and Use o f  C y l i n d r i c a l  Heat B lock Apparatus 
The c y l i n d r i c a l  heat  b lock  apparatus has been developed t o  make 
it poss ib le  t o  study dry  heat des t ruc t i on  under a wide v a r i e t y  of c losed 
system cond i t ions .  
bottom u n i t  he ld  together  w i t h  A l l e n  cap ccrews. 
of type  303 s t a i n l e s s  s t e e l .  The bottom u n i t  (F igure  4.1) conta ins t h e  
DASH No. 222 O-ring groove and a 1.275" diameter by 0.020'' recess t o  
ho ld  t h e  c y l i n d r i c a l  sample d isc .  
(F igure  4.2) have been const ructed:  a f l a t  u n i t ,  a u n i t  w i t h  a 1.185" 
x 0.25" recess and a u n i t  w i t h  a I J 8 5 "  x 0.50" recess. 
The heat  b lock  apparatus cons is t s  of a top  and 
The u n i t s  a re  made o u t  
To date t h r e e  types o f  t o p  u n i t s  
A u x i l i a r y  devices requ i red  when us ing  t h e  heat-block apparatus 
are:  a torque wrench (Craftsman No. 12-9644441) for  un i fo rmly  t i g h t e n i n g  
t h e  cap screw (F igure  4.31, a magnetic wand for  removing t h e  sample 
c a r r y i n g  d i scs  from t h e  recess i n  t h e  bot tom u n i t  (F igure 4.4) and a rack  
w i t h  a handle for  ho ld ing  t h e  b lock  when it i s  placed i n  t h e  o i l  bath 
(F igure  4.5). 
Heating has been c a r r i e d  o u t  us ing a model MW-1155C-I "Magni-Whirl" 
(B lue M E l e c t r i c  (20.1 o i  I bath f i l l e d  w i t h  "U con" HTF-100 heat t r a n s f e r  
f l u i d .  A la rge  s t a i n l e s s  s tee l  con ta iner  f i l l e d  w i t h  i c e  cubes and t a p  
water i s  used t o  cool t h e  heat b lock  a f t e r  heating. 
Temperatures i n  t h e  o i l  bath a r e  monitored dur ing  t e s t i n g  us ing 
a model 15305836 Honeywell temperature-recording potentiometer. The 
temperature i s  sensed by bare 24-gauge copper constantan thermocouples. 
Evaluat ion o f  Heating and Cool ing Time Lags 
The considerable mass of t h e  heat  b locks p lus  t h e  f a c t  t h a t  they 
a re  made o u t  of s t a i n l e s s  s t e e l  means t h a t  they w i l l  no t  i n s t a n t l y  heat 
and cool .  The heat ing  and c o o l i n g  c h a r a c t e r i s t i c s  of a heat  b lock  w i t h  
a f l a t t o p  have been evaluated. Heating s tud ies  were made both w i t h  a 
thermocouple soldered t o  t h e  spore-sample d i s c  and w i t h  t h e  thermocouple 
i n  t h e  a i r  i n  recess. A lag c o r r e c t i o n  f a c t o r  o f  12.5 minutes was 
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ca lcu la ted .  D e t a i l s  of t h e  heat ing  and c o o l i n g  t ime lag study w i l l  be 
i nc l  uded i n  t h e  nex t  progress repor t .  
Test Procedure 
The B a c i l l u s  s u b t i l i s  var .  n ige r  spore crop 
d e t a i l s ,  Appendix B) was used i n  a l l  experiments. 
s ion  was resuspended i n  d i s t i l l e d  water so t h a t  an 
conta in  5 x IO spores. The spores were deposited 
0.02 m l  push-button (Eppendorf) p i p e t t e .  
5 
No. AAAB (see spore code 
The s tock  spore suspen- 
0.02 m l  d r o p l e t  would 
on t h e  d iscs  us ing an 
S ta in less  s tee l  d i scs  were punched o u t  o f  t ype  302 f u l l - h a r d  
s t a i n l e s s  s t e e l  shim stock.  The d i scs  were thoroughly  cleaned. As many as 
t e n  d i scs  were placed on a s t e r i l e  s t a i n l e s s  s tee l  sheet i n  a c lean room 
f o r  i nocu la t i on .  Four 0.02 m l  spore suspension deposi ts  were placed on each 
d isc .  
mixed for  a few seconds us ing  a v i b r a t i n g  automatic mixer (Vor tex)  and was 
remixed a f t e r  each t e n  p i p e t t i n g s .  The i n o c u l a t i n g  scheme order  i s  shown 
i n  F igure  4.6. The d i scs  were randomly assigned t o  heat ing  t imes.  Both 
t h e  s t r i p s  and t h e  b locks w i t h  O-rings were al lowed t o  e q u i l i b r a t e  i n  t h e  
c lean r o o m  a t  35% RH a t  22OC for 18 t o  24 hours be fore  assembly, 
Before s t a r t i n g  t h e  p i p e t t i n g  opera t ion  t h e  spore suspension was 
The b locks were assembled by p lac ing  an inoculated disc, w i t h  a 
s t e r i l e  d i s c  on t o p  of it, i n t o  t h e  recess o f  t h e  bottom b lock.  The screws 
were then inser ted  and t i gh tened  and t h e  sealed b lock  was immersed i n t o  t h e  
constant-temperature (125'C +I°C)  o i l  bath f o r  t h e  s p e c i f i e d  length o f  t ime. 
A t  t h e  end of heating, t h e  b locks were cooled for  two minutes i n  t h e  0OC i c e  
bath and were then wiped dry .  The dry b lock  was inse r ted  i n t o  t h e  b lock  
holder, t h e  screws were removed and t h e  top  u n i t  was a s e p t i c a l l y  removed. 
The magnetic wand was chemical ly  s t e r i l i z e d  us ing pe race t i c  a c i d  and was 
then used t o  remove t h e  two d iscs.  Using a s t e r i l e  forceps t o  ho ld  t h e  
inoculated d isc,  it was c u t  i n t o  f o u r  pieces (one spore inoculum per  p iece)  
using a me ta l - cu t t i ng  bench shears (Whitney-Jensen No. 3 9 )  t h a t  was a l s o  
s t e r i l i z e d  i n  pe race t i c  ac id .  
Each s t a i n l e s s  s t e e l  p iece was assayed i n d i v i d u a l l y  according t o  
NASA Standard Procedures fo r  t h e  M ic rob io log i ca l  Examination of Space 
Hardware, October, 1968. 
The data were'analyzed t o  determine t h e  D-value, y - i n te rcep t  and t h e  
respec t ive  confidence i n t e r v a l s .  
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Figure  4.1 - Bottom u n i t  o f  heat b lock  
system and O-ring 
Figure 4.2 - Three types o f  t o p  u n i t s  
w i t h  one bottom u n i t  
F igure  4.3 - Torque wrench and block- 
ho ld ing  apparatus 
F igure  4.4 - Magnetic wand fo r  removing 
t h e  sample d iscs  from t h e  recess i n  
t h e  bottom b I ock 
Figure 4.5 - Rack f o r  support ing b lock  
du r ing  handl ing i n  and o u t  o f  t h e  
o i  I bath 
Figure 4.6 - The inoculating-scheme 
o rde r  f o r  t h e  d iscs  
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RESULTS AND DISCUSSION 
The r e s u l t s  of t h e  two se ts  of r e p l i c a t e d  t e s t s  completed t o  date 
a re  summarized i n  Table 4. I e 
22OC us ing t h e  Tef Ion O-rings and for th ree  t e s t s  t h e  Viton' O-rings were 
used. 
F i ve  t e s t s  were c a r r i e d  o u t  a t  35% RH a t  
Table 4.1 - Pre l im inary  D-value Resul ts  Showing t h e  E f f e c t  of Two Kinds 
of O-rings Using t h e  C y l i n d r i c a l  Heat Block System w i t h  a 
F l a t  Top U n i t  w i t h  Two .OIO-inch-thick 
Discs i n  Bottom U n i t  Recess 
O-ring Equi I i b r a t i o n  
Mater i a I Con d i t i on 
Clean Room 
Te f lon  40% RH a t  23OC 27-42 
DIz5 min. -- 
Clean Room 
V i  t o n  35% RH a t  23OC 80-91 
Tef lon  O-rings were i n i t i a l l y  chosen as t h e  b lock  seal because 
it was decided t h a t  t h e  0-water absorbing c h a r a c t e r i s t i c s  and heat  r e s i s -  
tance o f  Te f l on  were necessary requirements f o r  t h i s  study a t  125OC. 
Unfor tunate ly ,  Te f l on  becomes amorphous a t  121OC and loses i t s  r e s i l i e n c y .  
This p roper ty  o f  Te f lon  probably permi t ted  p e r i o d i c  leakage. A f t e r  dec id ing  
t h a t  it was poss ib le  t h a t  t h e  Te f lon  al lowed water vapor to escape, V i ton  
O-rings were chosen because o f  t h e i r  good sea l i ng  c h a r a c t e r i s t i c s  a t  h igh  
temperatures (up t o  204°C) and t h e i r  low water absorbing p roper t i es .  
The increase i n  t h e  D-value of t h e  t e s t s  where V i ton  O-rings 
were used as compared t o  t h e  t e s t s  us ing Te f lon  i s  d i f f i c u l t  t o  exp la in  on 
any o the r  than a pressure and water vapor-loss bas is .  
The heat  b lock  system t h a t  has been developed appears t o  perform 
very wel l  and w i l l  a l l ow  us t o  proceed t o  c a r r y  o u t  experiments t o  answer 
t h e  several questions regard ing t h e  dry  heat des t ruc t i on  ra tes  of micro- 
organisms i n  c losed systems. 
'Viton - a s y n t h e t i c  rubber ab le  t o  wi thstand a temperature o f  200°C 
i n  con tac t  w i t h  most o i l s ,  chemicals, solvents, and f u e l s .  Has good 
mechanical p roper t ies ,  a l s o  res is tance t o  ozone, oxygen, and weathering. 
Commercial development: DuPont. The Merck Index. 7 th  e d i t i o n .  (Rathway, 
New Jersey: Merck and Co. Inc., 1960). 
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I n i t i a l l y  we w i l l  use Bac i l l us ,  s u b t i l i s  var  
w i l l  u l t i m a t e l y  want these data f o r  several 
I n  t h e  f i r s t  se r ies  of studies, those 
d iscs  w i l l  be e q u i l i b r a t e d  a t  several r e l a t  
and 75%) and w i l  
temperatures so 
completed by eva 
FUTURE WORK 
I n  t h e  immediate fu tu re ,  we w i l l  a t tempt  t o  r e l a t e  t h e  quan t i t y  o f  
water i n  and surrounding t h e  spore t o  dry  heat des t ruc t i on  c h a r a c t e r l s t f c s .  
n i g e r  spores. However, we 
species o f  microorganism. 
spores on s t a i n l e s s  s tee l  
ve humid i t i es  (=O, 20, 35, 50, 
be c a r r i e d  o u t  a t  125OC w i t h  subsequent ;tests a t  o t h e r  
h a t  Z-value data can be obtained. This  se r ies  w i l l  be 
ua t i ng  a t  Beast one o t h e r  species sf mic rob ia l  spore. 
I n  t h e  second se r ies  of t e s t s  we p lan  t o  r e l a t e  v a r i a t i o n  i n  
i n i t i a l  water t o  v a r i a t i o n  i n  t h e  volume o f  atmosphere pe r  spore. I n i t i a l  
s tud ies  w i l l  be c a r r i e d  o u t  a t  125OC us ing B a c i l l u s  s u b t i l i s  var. n ige r  
and a t  l e a s t  one o the r  species w i l l  a l s o  be s tud ied.  
-- 
A ser ies  o f  experiments w i l l  be c a r r i e d  o u t  t o  evaluate t h e  e f f e c t  
of t o t a l  gas pressure du r ing  heat ing  on t h e  D-value as a func t i on  of 
spore water-content, temperature, and mic rob ia l  species. 
The e f f e c t  of p l a s t i c  ma te r ia l s  i n  con tac t  w i t h  spores dur ing  
heat ing  w i l l  be s tud ied i n  a s e r i e s  o f  experiments. The va r iab les  w i l l  
be: type  o f  p l a s t i c ,  i n i t i a l  water conten t  of p l a s t i c ,  i n i t i a l  spore 
water-content, temperature, and species of microorganism. 
50 
DRY HEAT DESTRUCTION RATES OF MICROORGANISMS 
ON SURFACES AS A FUNCTION OF RELATIVE HUMIDITY 
P r o j e c t  Personnel: D. Vesley, M. Halber t ,  1 .  J .  Pf lug,  J .  Ramquist, 
and S. Fowler 
D i v i s i o n  o f  Environmental Heal th  
D i v i s i o n  o f  Biometry 
P r o j e c t  Con t r i bu to r :  J . Bearman 
I NTRODUCT I ON 
The p lan  t o  use a dry  n i t rogen  environment f o r  terminal  
s t e r i l i z a t i o n  i n  t h e  V i k i n g  '75 miss ion has created an immediate 
need f o r  in fo rmat ion  concerning sur face spore-dest ruct ion ra tes  
under d ry -n i t rogen cond i t ions .  Considerable data a re  a v a i l a b l e  
concerning dry  heat  des t ruc t i on  ra tes  of spores ( p a r t i c u l a r l y  
B a c i l l u s  s u b t i l i s  var .  n i g e r )  which have been e q u i l i b r a t e d  and 
heated i n  ambient clean-room environments. Since t h e  V ik ing  '75 
lander w i l l  be s t e r i l i z e d  i n  a dry-n i t rogen atmosphere, i t  i s  
imperat ive t o  o b t a i n  comparable data f o r  t h a t  environment. I n  
t h i s  regard, a t e s t  system has been advised and a se r ies  o f  
experiments has been i n i t i a t e d  to ob ta in  D-values f o r  spores i n  
a d ry  gas ( e i t h e r  a i r  o r  n i t rogen)  as we l l  as i n  clean room 
env i ronments 
-- 
OBJECT I VE 
The s p e c i f i c  o b j e c t i v e  of t h i s  p r o j e c t  was t o  determine 
dry  heat  d e s t r u c t i o n  ra tes  (D-values) f o r  several species o f  
m ic rob ia l  spores deposited on surfaces and subjected t o  tempera- 
t u r e s  i n  t h e  range of 90°-1250C as a f u n c t i o n  of r e l a t i v e  humid i ty  
and types of atmosphere i n  con tac t  w i t h  t h e  spores. 
EXPERIMENTAL PROCEDURE 
Mic rob ia l  Spores 
I n  t h e  experiments c a r r i e d  o u t  thus  fa r ,  B a c i l l u s  s u b t i l  i s  
var. n i g e r  spores obta ined from suspensions w i t h  several d i f f e r e n t  
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h i s t o r i e s  have been u t i l i z e d .  These were as fo l lows:  
Suspension Spore Code AAAB: Spores obta ined from t h e  Phoenix 
NCDC Laboratory approximately one year e a r l i e r ,  regrown i n  
our  labora tory  (growth procedure # I  1, s to red  i n  ethanol 
and then re-suspended i n  de ion ized d i s t i l l e d  water. 
Suspension Spore Code AANE: Spores obta ined from t h e  Phoenix 
NCDC Laboratory (procedure 62) which had been s to red  i n  
bu f fe red  d i s t i l l e d  water and were then re-suspended i n  
de ion ized d i s t i l l e d  water.(A new crop of t h i s  spore was 
received l a t e r  i n  a f rozen c o n d i t i o n  and was designated 
as AAOE. 
Suspension Spore Code AADB: Spores recen t l y  harvested from t h e  
Phoenix Laboratory crop,(procedure # I )  s tored  i n  ethanol, 
and then re-suspended i n  deionized d i s t i l l e d  water. 
(See Appendix B f o r  d e t a i l s  o f  spore prepara t ion . )  
Heating System 
Spore depos i ts  were made on 1/2" x 1/2" s t a i n l e s s  s t e e l  p anchets 
p rev ious l y  placed on rec tangu lar  copper boats a l l ow ing  f i v e  s t r  ps/boat 
(See Appendices C and D),  I n  a l l  experiments c a r r i e d  o u t  t hus  a r ,  
spores have been heated a t  I IO°C on a s p e c i a l l y  designed h o t  p l a t e .  
The temperature was determined us ing thermocouples attached t o  t h e  
copper boats; two boats w i t h  thermocouples were placed on each 
o f  t h e  h o t  p la tes .  The thermocouples were connected t o  a temperature 
record ing  potent iometer  so t h a t  we had a record of t h e  temperature o f  
t h e  h o t  p l a t e  du r ing  t h e  experiment. For each cond i t i on  tested,  f i v e  
boats were heated; one a d d i t i o n a l  boat was always processed a f t e r  
e q u i l i b r a t i o n  ( b u t  before heat ing)  f o r  determinat ion of No and a second 
add i t i ona l  boat  was c a r r i e d  along as a spare. 
boat f o r  each c o n d i t i o n  was removed a t  each of f i v e  t ime- in te rva l s  f o r  
processing. I n  a l l  instances, f o u r  p lanchets  from each boat  were pro- 
cessed according t o  t h e  standard procedure. The f i f t h  p lanchet  ( t h e  
middle one) was n o t  processed unless one of t h e  o the r  f o u r  was inad- 
v e r t e n t l y  mishandled. Th is  procedure was i n i t i a t e d  t o  minimize t h e  
p o s s i b i l i t y  o f  miss ing data. Add i t iona l  con t ro l  procedures r e l a t e d  t o  
p l a t i n g  media consis tency a re  o u t l i n e d  i n  Appendix F, 
One randomly a l l oca ted  
52 
Gas Control System 
I n  a l l  experiments, heat ing  was c a r r i e d  o u t  i n  t h e  specia l  
dry  gas environment and i n  a laminar c ross f low c lean room used 
as a c o n t r o l .  The c lean room ran c o n s i s t e n t l y  a t  22-24OC and 34- 
44% RH dur ing  t h e  experimental period. During heat ing  t h e  spore 
deposi ts  were pro tec ted  from t h e  d i r e c t  a i r  stream by a pe r fo ra ted  
p l a s t i c  box. (See F igure  5.1) 
The d ry  gas environment was s e t  up i n  a double glove-box 
arrangement (F igures 5.2 and 5.3).  One box was used for e q u i l i b r a t i o n  
and t h e  o t h e r  for  heating; each had i t s  own access antechamber. I n  
experiments thus f a r  we have u t i l i z e d  e i t h e r  p redr ied  dry  a i r  o r  d ry  
n i t rogen  from compressed gas tanks t o  p ressur ize  t h e  two glove-box 
chambers independently. A bel lows arrangement maintained a consis- 
t e n t  p o s i t i v e  pressure i n  t h e  two chambers and t h e i r  access chambers. 
A B e l l  and Howell (C.E.C.) mois ture analyzer  was connected t o  t h e  
apparatus so t h a t  a d i r e c t  readout o f  mois ture content  could be 
obta ined from e i t h e r  chamber. During experiments thus f a r ,  r e l a t i v e  
humid i ty  has ranged from 0.1 t o  2.0% a t  25OC i n  t h e  chamber a i r .  
F igure 5.4 o u t l i n e s  t h e  bas ic  glove-box set-up. 
The i n i t i a l  experiments i n  t h i s  p r o j e c t  were designed t o  
determine t h e  bas ic  w o r k a b i l i t y  o f  t h e  apparatus and t o  s e l e c t  s u i t a b l e  
s p e c i f i c - e q u i l i b r a t i o n  times, spore suspensions, and i n i t i a l  concen- 
t r a t i o n s  o f  spores. I n  a d d i t i o n  they were used t o  f i n a l i z e  s p e c i f i c  
processing techniques and equipment opera t ion  procedures, t o  a i d  i n  
the  s e l e c t i o n  of s u i t a b l e  t ime i n t e r v a l s  and p l a t i n g  d i l u t i o n s  and 
t o  p e r f e c t  computer-analysis programs. While much va luable in fo rmat ion  
has resu l ted  from t h e  i n i t i a l  experiments, t h e  s p e c i f i c  procedures have 
necessar i l y  been somewhat va r iab le .  
A l l  experiments c a r r i e d  o u t  thus f a r  a t  l l O ° C  can be summarized 
as fo l l ows :  
1 .  Comparison o f  t h e  dry  heat des t ruc t i on  ra tes  o f  t h e  th ree  
spore suspensions (AAAB,AANE, AADB) as a func t i on  of r e l a -  
t i v e  humid i ty  o f  t h e  gas surrounding t h e  spore deposi t .  
Comparison o f  t h e  dry  heat des t ruc t i on  ra tes  as a func t i on  
of e q u i l i b r a t i o n  t ime and r e l a t i v e  humid i ty .  
2. 
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F i g u r e  5.1 - Hot  p l a t e ,  c o l d  p l a t e  and temperature . F i g u r e  5.2 - Two-chamber g l o v e  box and 
r e c o r d e r  i n  t h e  c l e a n  room aux i  I i a r y  equipment 
F i g u r e  5.3 - Hot p l a t e  b u i l t  i n t o  t h e  bot tom o f  
t h e  g l o v e  box w i t h  boats  i n  p l a c e  on t h e  h o t  p l a t e  
A Q A  
F i g u r e  5.4 - Schematic diagram of t h e  
g l o v e  box system 
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3. Comparison of the dry heat destruction rates of a frozen and 
a non-frozen spore suspension. 
4. Comparison of dry heat destruction rates as a function of 
initial spore concentration per volume of water per deposit. 
5. On the basis of information from the above experiments a 
series of  experiments at IlOOC was initiated to complete the 
objectives of the project for that temperature and was 
designed as follows:* 
Experiment A: Using dry air for the <I% heatinq and 





Experiment 8 :  
Spores were equilibrated at <I$ RH and heated at <I% RH 
Spores were equi I ibrated at %35% RH and heated at < I %  RH 
Spores were equilibrated at < I $  RH and heated at %35$ RH 
Spores were equilibrated at %35$ RH and heated at $35% RH 





d .  
Spores were equilibrated at < I %  RH and heated at < I %  RH 
Spores were equilibrated at %35% RH and heated at < I ?  RH 
Spores were equilibrated at <I$  RH and heated at %35? PH 
Spores were equi I ibrated at %35% RH and heated at %35$ RH 
*In both experiments the RH was measured at 22-25OC. 
Spores AAOE with an equilibration time of 24 hours, were used in all tests. 
Each experiment was performed at least two times. Details of the exDerimental 
procedure f o l  low. 
Genera I 
All operations (prior to incubation of the plates) except those 
performed in the dry gas chamber, were carried out in a clean room. The 
dry gas chamber was located immediately adjacent to the clean room. 
Aseptic technique was used at all times. Freshly lalrndered clean-room 
coats and hats were worn in the clean room when performing microbiological 
tasks or upon entering the clean room when experimental work was being 
carried out. 
Twenty (5 m l )  aliquots of the spore suspension coded AAOE 
(See Appendix B) were placed into sterile glass vials, covered tightly 
and stored at 4OC for use in these experiments. A different vial was 
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used f o r  each t r i a l .  A f t e r  spore deposi ts  were made, t h e  v i a l  was 
covered, dated, and s tored a t  4OC. I f  problems were encountered, 
it would be poss ib le  t o  go back t o  t h e  exact  spore suspension fo r  
f u r t h e r  i nves t i ga t i on .  
S p e c i f i c  Method 
1 .  Copper boats were arranged i n  o rder  on a s t a i n i e s s  s tee l  sheet 
on t h e  t a b l e  i n  t h e  clean room and spore deposi ts  were made.* 
2. When a l l  spore deposi ts  were made, a metal a i r  de f l ec to r ,  
which was closed on t h e  t o p  and t h r e e  sides, was placed 
over  t h e  s t a i n l e s s  s tee l  sheet on which t h e  copper boats 
were arranged. The closed end o f  t h e  d e f l e c t o r  faced 
t h e  HEPA f i l t e r  w a l l .  The deposi ts  were al lowed t o  dry  
u n t i l  no v i s i b l e  water remained. Cond i t ion ing  t ime  i n  
t h e  c lean room (35% RH and 25°C) began when t h e  spore 
deposi ts  appeared v i s i b l y  d ry .  
The copper boats t o  be condi t ioned a t  < i$  RH, were Dut 
i n t o  two separate metal t r a n s f e r  boxes, one f o r  each o f  
3 .  
two t reatment  groups (< I% RH cond i t i on ing  and heat ing  
and < I $  RH cond i t i on ing  and 35% heat ing) .  
t o  be condi t ioned a t  35% RH remained on t h e  s t a i n l e s s  
s tee l  sheet, under t h e  a i r  d e f l e c t o r .  
The t r a n s f e r  device (See Figure 5.5, page 581, which was 
used t o  t r a n s f e r  t h e  copper boats cond i t ioned a t  < I $  RH 
and those t o  be heated a t  < I %  RH, was placed on i t s  s ide  
i n  t h e  c o n d i t i o n i n g  chamber ( r i g h t  s ide )  o f  t h e  double- 
chambered, env i ronmenta l ly  c o n t r o l l e d  g love  box ou ts ide  of 
t h e  c lean room. The hood was f lushed u n t i l  t h e  RH was 
less than 1 %  ( ove rn igh t ) .  The two metal t r a n s f e r  boxes 
t o  be cond i t ioned a t  < I %  RH were placed i n  t h e  pass-thru 
o f  t h e  c o n d i t i o n i n g  chamber. The t r a n s f e r  box covers were 
then opened and t h e  pass-thru door was closed. The pass- 
t h r u  was then f lushed f o r  t h i r t y  minutes w i t h  t h e  same 
type o f  gas being used i n  t h e  t e s t  system, ( e i t h e r  dry  a i r  
Spore Deposit Method (Appendices C and D)  
The boats 
4. 
* See Method o f  Randomization o f  Treatment Combinations and 
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or dry  n i t rogen) ;  t h i s  invo lved about t e n  gas exchanges. 
Immediately before and a f t e r  t h e  t r a n s f e r  boxes were 
placed i n  t h e  cond i t i on ing  chamber, t h e  water content  
of t h e  gaseous environment of t h e  cond i t i on ing  chamber 
was determined. 
e f f i c i e n c y  o f  t h e  f l u s h i n g  method. Cond i t ion ing  t ime  (24 
hours) began when t h e  metal boxes were t r a n s f e r r e d  from 
t h e  pass-thru i n t o  t h e  cond i t i on ing  chamber. 
Resul ts  were then compared t o  check t h e  
5. A f t e r  24 hours cond i t ion ing ,  t h e  pass-thru o f  t h e  condi- 
t i o n i n g  chamber was f lushed again, By means o f  t h e  specia l  
t r a n s f e r  device (F igure  5.5) t h e  boats condi t ioned a t  < I %  
RH and those t o  be heated a t  35% RH were t r a n s f e r r e d  t h r u  
t h e  pass-thru t o  t h e  h o t  p l a t e  i n  t h e  c lean room. A l l  
boats were simultaneously t r a n s f e r r e d  from t h e  s t a i n l e s s  
s tee l  sheet t o  t h e  h o t  p l a t e .  The boats condi t ioned a t  
35% RH and those t o  be heated a t  35% RH were placed on 
t h e  h o t  p l a t e  by means o f  t he  ho ld ing  t o o l  (See F igure 5.6) 
The water conten t  o f  t h e  gas i n  t h e  chamber was determined 
before and a f t e r  opening t h e  pass-thru door t o  e f f e c t  t h e  
t r a n s f e r .  
6. Using t h e  spec ia l  t r a n s f e r  device, t h e  copper boats condi- 
t i oned  a t  35% RH and those t o  be heated a t  < I %  RH were 
t r a n s f e r r e d  i n t o  t h e  pass-thru o f  t h e  cond i t i on ing  chamber. 
The pass-thru was f lushed and t h e  t r a n s f e r  device was placed 
i n  t h e  cond i t i on ing  chamber. Again t h e  water content  o f  t h e  
gas i n  t h e  chamber was determined be fore  and a f t e r  opening 
t h e  pass-thru. 
7. The heat ing  chamber ( l e f t  s i de )  of t h e  double-chambered, 
env i ronmenta l ly  c o n t r o l l e d  hood was f lushed u n t i l  t h e  RH 
was less than 1 % .  The temperature o f  t h e  chamber was 
approximately 25OC, and was maintained by coo l i ng  c o i l s  
located i ns ide  o f  t h e  chamber. A thermocouple located s i x  
inches above t h e  sur face o f  t h e  h o t  p l a t e  gave a continuous 
read-out of t h e  chamber temperature. 
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Figure 5.5 - Transfer  device 
F igure 5.6 - Ebat-holding t o o l  
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8 .  
9 .  
IO. 
I I ,  
12. 
13. 
The metal t r a n s f e r  box ( w i t h  s t r i p s  condi t ioned a t  < I $  RH 
and t h e  t r a n s f e r  device ( w i t h  s t r i p s  condi t ioned a t  35% R t i )  
were passed from t h e  c o n d i t i o n i n g  chamber I n t o  +he heat ing  
chamber v i a  t h e  inter-chamber pass-thru. The water content  
of t h e  gas was determined be fore  and a f t e r  opening t h e  
pass-thru door. 
The copper boats were moved t o  t h e  h o t  p l a t e  simultaneously 
from t h e  s t a i n l e s s  s tee l  sheet of t h e  t r a n s f e r  device. The 
boats from t h e  t r a n s f e r  box were placed on t h e  ho t  p l a t e  
us ing t h e  spec ia l  ho ld ing  t o o l  (F igure  5.6) .  
Two copper boats which were no t  invo lved i n  t h e  experiment 
were located on t h e  h o t  p l a t e s  i n  t h e  c lean room and heat ing  
chamber, one on t h e  upper - l e f t  and one on t h e  upper - r igh t  
corner  o f  each h o t  p l a t e .  They were attached by means o f  
thermocouples t o  a continuous mult ichannel record ing 
potentiometer. The pass-thru doors o f  t h e  heat ing chamber 
were never opened u n t i l  a l l  o f  t h e  s p e c i f i e d  heat ing  t imes had 
been completed. Heating i n t e r v a l s  i n  t h e  dry  qas environment 
were 25, 50, 75, 100, and 125 minutes. I n  t h e  c lean room they 
were 85, 170, 255, 340, and 425 minutes f o r  t h e  110' experiments. 
Immediately upon completion o f  each heat ing  i n t e r v a l  t h e  desig- 
nated boat  was placed on t h e  coo l i ng  p l a t e  f o r  a minimum o f  t h ree  
minutes. The spec ia l  ho ld ing  tool was used t o  t r a n s f e r  boats. 
A s t a i n l e s s  s t e e l  sensing d i s k  was l a i d  on t h e  sur face o f  t h e  
coo l i ng  p l a t e  which was connected by means o f  a thermocouple t o  
t h e  continuous mult i-channel record ing  potent iometer .  
A l l  f i v e  heat ing  t imes were completed be fore  processing t h e  
boxes and s t r i p s .  The boats were placed i n  t h e i r  respec t ive  
t r a n s f e r r e d  t o  t h e  c lean room f o r  processing. 
The copper boat  was p icked up by means o f  t h e  spec 
and t r a n s f e r r e d  t o  a s t e r i l e - g l o v e d  hand. Each o f  
r e p l i c a t e s  Cplanchets) was t r a n s f e r r e d  w i t h  a s t e r  
(same one f o r  f o u r  r e p l i c a t e s  from a s i n g l e  boat ) ,  
a I ho I der 
f o u r  
l e  forceps 
spore-side 
down i n t o  a dry, s t e r i l e ,  pre-labeled 125 m l  Erlenmeyer Flask. 
The f i f t h  ( cen te r )  p lanchet  was n o t  analyzed b u t  was re ta ined 
i n  i t s  respec t ive  boat  i n  case another s t r i p  was l o s t .  I f  t ime 
d i d  n o t  permi t  immediate processing t h e  s t r i p s  were s to red  
dry  i n  t h e i r  respec t ive  labeled f l a s k s  u n t i l  processed. 
S t r i p s  were processed t h e  morning f o l l o w i n g  t h e  heat ing  
treatment, b u t  no l a t e r  than t h a t .  
14. To begin processing, 50 ml of s t e r i l e  phosphate b u f f e r  was 
added t o  each f l a s k ,  (Actual observa t ion  revealed t h a t  t h e  
b o t t l e s  contained 50 +I ml of b u f f e r .  
A s i n g l e  f lask ,  con ta in ing  t h e  s t r i p  and b u f f e r  s o l u t i o n  was 
suspended i n  t h e  u l t r a s o n i c  tank  us ing a rubber-coated, Stoddard- 
type t e s t  tube ho lder  a t tached t o  t h e  wa l l  o f  t h e  bath as t h e  
support.  
of t h e  tank  and t h e  tank  s o l u t i o n  (0.3% V/V  Tween 80, aqueous) 
was leve l  w i t h  t h e  b u f f e r  s o l u t i o n  i n  t h e  f l ask .  
Each f l a s k  was insonated a t  25 Khz per  second f o r  two minutes. 
15. 
The bottom of t h e  f l a s k  was p a r a l l e l  t o  t h e  bottom 
16. 
17. Three d i f f e r e n t  a l i q u o t s  were p la ted  i n  dupl icate,  us ing 15 x 
100 mm disposable p e t r i  p l a t e s  and disposable p ipe t tes .  Very 
small volumes (0.01 and 0.05 ml) were measured w i t h  a I O  P I  o r  
50 P I  Eppendorf M i c r o l i t e r  P ipe t te .  F i ve  and t e n  a l i q u o t s  were 
p la ted  us ing 15 mi of one-and-one-half s t rength  Tryp t icase Soy 
Agar (TSA); a l l  a t h e r  volumes were p l a t e d  w i t h  20 m l  s i ng le -  
s t rength  TSA. The expected D-value was used as t h e  bas is  for  
s e l e c t i n g  t h e  heat ing  t ime  and t h e  volumes t o  be p l a t e d  so t h e  
r e s u l t s  would y i e l d  countable p l a t e s  a t  each t ime i n t e r v a l ,  w i t h  
t h e  l a s t  heat ing  t ime ca l cu la ted  t o  y i e l d  approxima-feiy I x 10 
spores per  s t r i p .  
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18. P la tes  were inver ted  and incubated for  48 hours a t  32OC and 
counted w i t h  t h e  a i d  of a Bac t ron ic  Counter. A s i n g l e  dup l i ca te  
p l a t e  from each a l i q u o t  o f  each t reatment  combination was counted 
by each o f  two counters. 
then t h e  p l a t e s  t o  be counted by each counter had t o  be randomly 
a l loca ted .  
Pre l im inary  D-values and y - in te rcepts  were determined by p l o t t i n g  
(on semi logoar i thmic paper), t h e  number o f  su rv i vo rs  (on t h e  
logar i thmic  sca le )  versus t h e  heat ing  t ime  i n  minutes (on t h e  
I inear  sca le )  and drawing a "best f i t "  I ine  us ing t h e  number of 
su rv i vo rs  a t  t h e  f i v e  heat ing  t imes b u t  not-No, 
I f  more than two counters were used, 
19. 
60 
20. The estimated number o f  s u r v i v i n g  spores a t  each heat ing 
t ime was recorded and forwarded t o  t h e  biomedical computer 
center  for  computer ana lys is .  
a l e a s t  squares regress ion ana lys i s  (aga in ' i gno r ing  N 1 t o  
est imate a D-value and y - i n te rcep t  f o r  each time-temperature 
t reatment  combination. 




Resul ts  of t h e  comparison o f  t h e  DIIooc- values o f  t h e  th ree  spore 
suspensions a re  summarized i n  Table 5.1, wh i l e  t y p i c a l  s u r v i v o r  curves 
for  each suspension a r e  shown i n  Figures 5.7, 5.8, and 5.9. It i s  
obvious t h a t  regard less o f  which suspension was used, t h e  dry  gas env i -  
ronment resu l ted  i n  s i g n i f i c a n t l y  lower (about f o u r - f o l d )  D IIOoC-values 
than d i d  t h e  ambient c lean room environment. O f  t h e  th ree  suspensions 
t h e  water-stored spores and t h e  new prepara t ion  o f  ethanol spores were 
more r e s i s t a n t  than t h e  o l d e r  ethanol-stored spores. 
Table 5.1 - D 
S 
Heat i ng 
Env i ronment 
Dry Gas Box 
(us ing dry  a i r )  
Laminar Crossf low 
Clean Room 
ExDeriment 2 
-values o f  Three B a c i l l u s  s u b t i l i s  var .  Niger I ooc 
ispensions as a Function o f  Re la t i ve  Humidity 
40-42 0.89 
The e f f e c t s  of e q u i l i b r i u m  t ime on t h e  D I I O O C  -values of t h e  th ree  
spore suspensions i n  both t h e  dry-gas and clean-room environments a r e  shown 
i n  Table 5.2, Surv ivor  curves fo r  t h e  several cond i t i ons  are  shown i n  
F igure 5.10. i n  a l l  cases t h e  spores were e q u i l i b r a t e d  i n  t h e  same envi ron-  
ment i n  which they  were heated, Extension o f  t h e  e q u i l i b r a t i o n  t ime d i d  
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Figure 5.7 - Survivor curves f o r  spores AAAB 
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Figure 5.9 - Survivor curves f o r  spores AABD 
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Figure 5.8 - Survivor curves f o r  spores AANE 





Figure 5.10 - A comparison of 24 and 48 hour 
equ i l i b ra t i on  f o r  spores AABD i n  dry and i n  
35-40% RH a i r .  
U L  
no t  a f f e c t  t h e  D I Iooc -  va lue s i g n i f i c a n t l y  i n  t h e  dry-gas environment. 
I n  t h e  c lean r o o m  t h e  longer e q u i l i b r a t i o n  was associated w i t h  a s l i g h t l y  
h igher  DIIOoC-value. 
Frozen (AAOE) 
Non-frozen (AADB) 
Table 5.2 - E f f e c t  of E q u i l i b r a t i o n  Time on DIIOoC-values 
o f  Three Spore Suspensions 
- 
41.7 ( 2 )  133.7 (2) 
30.9 (3 )  141.3 (4 )  
-value i n  Min. (No. o f  T r i a l s )  Dl iaoc 
1 I I I I I I I 
ExDer i ment 3 
Because t h e  spore coded AAOE genera l l y  appeared t o  be a t  l eas t  as 
r e s l s t a n t  as t h e  o t h e r  spore suspensions, a d d i t i o n a l  work was done 
w i t h  t h a t  suspension. As t h e  o r i g i n a l  suspension o f  those spores (AANE) had 
been s to red  i n  water a t  4OC and t h e  new suspension had been frozen dur ing  
-values were obta ined f o r  t h e  old, non-frozen shipment, comparative D 
suspension and t h e  new, f rozen suspension. 
a r e  summarized i n  Table 5 . 3 .  While r e s u l t s  were no t  conc lus ive from t h e  
l i m i t e d  number of t r i a l s ,  t h e r e  d i d  n o t  appear t o  be a major e f f e c t  o f  
f reez ing  on t h e  D-value determinat ion.  
I 10°C 
The r e s u l t s  of these experiments 
Table 5.3 - E f f e c t  of Freezing on t h e  D l l o o c  -value of  a 
B a c i l l u s  s u b t i l i s  var. n i g e r  suspension Stored i n  Water 
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Experiment 4 
A l l  experiments described p rev ious l y  u t i l i z e d  spore suspensions 
which had been p i p e t t e d  on to  s t a i n l e s s  s tee l  p lanchets  t o  y i e l d  
approximately I x IO6 spores per  depos i t  be fore  heating, 
was c a r r i e d  o u t  i n  which depos i ts  of approximately I x IO and I x IO 
spores i n  equal volumes o f  water were a lso  evaluated. The r e s u l t s  of 
these t e s t s  a re  summarized i n  Table 5.4. 
An experiment 
4 8 
I t  appears t h a t  t h e  DIIOOC -values were s l i g h t l y  lower when t h e  
lowest concent ra t ion  (IO 1 was used. The very h igh  concent ra t ion  of 
spores was very d i f f i c u l t  t o  work bwjth* 
comparisons between IO4 and 10 
4 
We hope t o  make add i t i ona l  
6 spores per  depos i t  i n  Phe fu tu re .  
Table 5.4 - Dlhooc -values o f  B a c i l l u s  s u b t i l i s  var .  n i g e r  
pores (Frozen Suspension B, Spores AAOE) 
as a Function of I n i t i a l  Concentrat ion 
of Spores per  Deposit 
I I -srd 
* Based on a l l  prev ious observat ions 
** Based on o n l y  two data p o i n t s  
Experiment 5 
The r e s u l t s  o f  t h e  s e r i e s  of t e s t s  at- I l O O C  i n  t h e  two condi- 
t ion i 'ng  and heat ing  environments w i t h  n i t rogen  as we l l  as a i r  i n  
t h e  low humid i ty  environment a re  l i s t e d  i n  Table 5.5. The data f o r  
t h e  several cond i t i ons  are summarized i n  Table 5,6. The e f f e c t  of t h e  
r e l a t i v e  humid i t  
heat ing and cond 
"d" cond i t i ons  ( 
43.3 minutes f o r  
I n  t h e  gas surrounding t h e  h o t  p l a t e  dur ing  both 
t i o n l n g  is drama-tic i n  t h a t  t h e  average f o r  t h e  fou r  
ab le  5 .5 )  i s  161 minutes compared t o  an average o f  
t h e  f o u r  "arr cond i t ions ,  The r e s u l t s  a l s o  suggest 
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t h a t  t h e r e  i s  no d i f fe rence i n  t h e  D-value t h a t  can be associated w i t h  
the  type  of d ry  atmosphere. 
heated i n  t h e  dry  gas environment were 42.7 minutes f o r  t h e  dry  a i r  and 
43.9 minutes f o r  t h e  dry  n i t rogen.  
i n  t h e  c lean r o o m  and heated i n  t h e  dry-gas environment were 41.5 f o r  d ry  
a i r  and 40.5 f o r  d ry  n i t rogen.  The moisture-analysis readings i n d i c a t e  
t h a t  t h e  o v e r a l l  r e l a t i v e  humid i ty  range dur ing  t h e  heat ing per iod was 
h igher  f o r  t h e  dry  a i r  than it was f o r  d ry  n i t rogen (0.009%-0.022% f o r  a i r  
vs. 0,0009-0.008 for  n i t rogen) .  Thus it i s  poss ib le  t h a t  t h e  D-values are 
lower f o r  spores i n  a i r  than f o r  those i n  n i t r o g e n  f o r  an equ iva len t  
r e l a t i v e  humid i ty  cond i t ion .  Subsequent experiments w i l l  be c a r r i e d  o u t  
t o  exp lo re  t h a t  p o s s i b i l i t y .  
Mean D-values f o r  spores condi t ioned and 
Mean D-values f o r  spores condi t ioned 
Table 5.6 - A Summary o f  t h e  Data i n  Tab!e 5.5 Showing t h e  
D -values f o r  t h e  Repl icate Tests as a Funct ion 
I IooCof t h e  Spec i f i c Env i ronmenta I Cond it i on 
I Heated Condit ioned 
Dry A i r  
Dry A i r  
Dry Ni t rogen 
Dry A i r  
Clean Room 
d Clean Room 
f -- 
-values i n  Min. Dl 10°C 
____I --- 
43.1, 42.3 I 
I 40.4, 42.5 
140.7, 142.0 
177.6, 147.7 
163.4, 166.6, 139.6, 161.2 
I t  i s  apparent t h a t  i n  t h e  two dry n i t r o g e n  experiments, t h e  
r e l a t i v e  humid i ty  e f f e c t  d i d  n o t  operate i n  t h a t  manner. Dur ing t h e  
second experiment, t h e  r e l a t i v e  humid i ty  was appreciably lower than 
dur ing  t h e  f i r s t  experiment (0.0009-0.0012 compared t o  0.005-0.008), 
y e t  t h e  D-value was considerably h igher  a t  t h e  lower humid i ty  (49.1 
minutes vs. 38.6 minutes).  
minute q u a n t i t i e s  o f  water was more complex than a n t i c i p a t e d  o r  t h e  
technique f o r  measuring humid i ty  was s u f f i c i e n t l y  imprecise t h a t  it 
makes t h e  data comparisons meaningless. 
I t  appears then t h a t  e i t h e r  t h e  e f f e c t  o f  
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A comparison of t h e  a vs. b data and t h e  c vs. d data w i l l  
g i v e  an i n d i c a t i o n  o f  t h e  e f f e c t  of t h e  cond i t i on ing  t reatment  ( i n i t i a l  
leve l  of  water i n  t h e  spores) on D-value, The average D-value f o r  "a'' 
Condi t ion i s  43.3 minutes and t h a t  for  ''b" cond i t i on  i s  41.0 minutes 
suggesting t h a t  t h e  i n i t i a l  water content  probably has no s i g n i f i c a n t  
e f f e c t .  Comparing c and d, t h e  average f o r  c i s  152 minutes and t h a t  
for  d i s  158 minutes; suggesting t h a t  again the re  i s  no s i g n i f i c a n t  
e f f e c t  o f  i n i t i a l  spore water content  on D-value. 
I t  i s  a l s o  i n t e r e s t i n g  t o  note t h a t  i n  seven o u t  o f  e i g h t  
measurements No was lower f o l l o w i n g  dry  gas cond i t i on ing  than it was 
a f t e r  c o n d i t i o n i n g  i n  t h e  c lean room. I n  add i t ion ,  i n  t h r e e  o u t  o f  
f o u r  of t h e  experiments ( I ,  2, and 4) t h e  y - i n te rcep t  was lower 
f o l l o w i n g  dry  gas heat ing  than it was f o l l o w i n g  ambient environment 
heating. 
CONCLUS IONS 
The experiments t o  date, a t  I l O O C  have shown t h a t  heat ing  i n  a 
dry-gas envi ronment (<0.03$ RH a t  I I O°C) resu I t s  i n D-va I ues cons i derab 1 y 
lower than those obta ined by heat ing  i n  an ambient environment (%34-36$ RH 
a t  22OC o r  0.65-0.86$ a t  I I O ° C ) .  A D-value r a t i o  o f  approximately 1:4 was 
noted i n  almost every t r i a l  c a r r i e d  ou t .  
A comparison of d ry  n i t rogen  and dry  a i r  d i d  n o t  reveal any 
d i f f e r e n c e  between t h e  two gases; although d r i e r  cond i t i ons  were asso- 
c i a t e d  w i t h  n i t r o g e n  than w i t h  a i r .  Thus it i s  poss ib le  t h a t  a d i f f e r e n c e  
might  e x i s t  under equ iva len t  mois ture cond i t ions .  
There was an i n d i c a t i o n  t h a t  heat ing  i n  a d ry  gas may have 
reduced t h e  y-inte-rcept ( i n d i c a t i n g  t h a t  a sharper than usual reduc t ion  
took  p lace dur ing  t h e  f i r s t  heat ing  i n t e r v a l ) ,  compared t o  heat ing  i n  
t h e  c lean room. 
FUTURE WORK 
P r i o r i t i e s  for  a d d i t i o n a l  experiments r e l a t e d  t o  t h i s  task  
inc lude t h e  fo l l ow ing :  
I .  Determination of D-values i n  t h e  d ry  gas environment for  
B a c i l l u s  s u b t i l  i s  var .nn iger  (AAOE) a t  temperatures both 
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2 .  
3. 
4. 
5 .  
6. 
7 .  
h igher  and lower than I I O O C .  Data w i l l  be obta ined a t  125OC 
and 90°C, again u t i l i z i n g  both d ry  a i r  and dry  n i t rogen  i n  
comparison w i t h  ambient c lean room environments. 
Determination o f  D and Z-values i n  t h e  range o f  90-125°C for  
h i g h l y  r e s i s t a n t  spores i so la ted  from Mariner '69. 
Determination o f  t h e  e f f e c t  o f  vary ing  r e l a t i v e  humid i ty  i n  
t h e  range o f  25-45% on D1250c- values as measured on a h o t  p l a t e  
i n  a 22OC c lean room. 
Determination o f  t h e  e f f e c t  on D1250c -values o f  va ry ing  t h e  room 
temperature ( 136-26°C) and r e l a t i v e  humid i ty  (25-45%) whi l e  ho ld ing  
vapor pressure constant  i n  t h e  c lean room. 
Determination o f  D1250C -values a t  a r e l a t i v e  humid i ty  in termediate 
between t h e  0.006% and 0.4% c u r r e n t l y  being achieved (as ca l cu la ted  
a t  125OC i n  t h e  d ry  gas and c lean room environments). 
Determination of  d ry  gas D-values f o r  spores contained on surfaces 
o t h e r  than s t a i n l e s s  s t e e l  (e.g. glass, p l a s t i c ,  o r  pa inted 
sur faces) .  
Spore species o the r  than B a c i l l u s  s u b t i l i s  var .  n i g e r  w i l l  a l s o  
be s tud ies  t o  determine t h e  consistency of t h e  dry  gas phenomena. 
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APPENDIX A: THE USE OF SILICA GEL PRE-LOADED WITH WATER TO PRODUCE 
A CONSTANT RELATIVE HUMIDITY IN A CLOSED CHAMBER 
I n t roduc t  ion  
Water conten t  appears t o  be t h e  most important v a r i a b l e  i n  t h e  dry  
heat des t ruc t i on  r a t e  of m ic rob ia l  spores. 
water conten t  of  spores i s  t o  e q u i l i b r a t e  t h e  spores i n  chambers o f  
d i f f e r e n t  r e  I a t  i ve h um i d i t y  . 
One method of  vary ing  t h e  
Object i ve 
Throughout t h e  s c i e n t i f i c  world, sa tura ted  s a l t  so lu t i ons  a re  used 
t o  produce and main ta in  a f i x e d  e q u i l i b r i u m  r e l a t i v e  humid i ty .  
concerned about minute q u a n t i t i e s  of s a l t  being depos i t i d  w i t h  t h e  spores 
on t h e  metal s t r i p s .  For t h i s  reason, we inves t iga ted  o the r  systems f o r  
producing a canstant  r e l a t i v e  humid i ty .  S i l i c a  ge l  pre-loaded w i t h  water 
appeared t o  have considerable m e r i t  fo r  t h i s  app l i ca t i on .  
We were 
Our research group's dec is ion  t o  use s i l l c a  ge l  t o  con t ro l  t h e  
r e l a t i v e  humid i ty  of environmental cab ine ts  grew o u t  o f  conversat ions i n  
March, 1968, w i t h  D r .  E l  ias  J .  Amdur, Design Supervisor, Apparatus Contro ls  
D iv is ion ,  Honeywell Corporation. The f o l l o w i n g  important p o i n t s  resu l ted  
from those discussions: 
1 .  S a l t  s o l u t i o n s  o f t e n  a re  n o t  s a t i s f a c t o r y  f o r  r e  
con t ro l  f o r  t h e  f o l l o w i n g  reasons: I )  t h e  s o l u t  
creep, i.e., a tendency t o  c l imb up t h e  w a l l s  o f  
2 )  i n  t h e  usual app l i ca t i on ,  when a conta iner  o f  
i s  placed i n  t h e  bottom of a j a r ,  t h e  e q u i l i b r a t  
long, e.g. 24 hours f o r  a one-gal lon j a r ,  and 3) 
a t i v e  humid i ty  
ons e x h i b i t  
t h e i r  conta iner ,  
s a l t  s o l u t i o n  
on t ime i s  very 
t h e  r e l a t i v e  
humid i ty  sensing elements become contaminated when s to red  over  
s a l t  so lu t ions ,  even though they a re  pro tec ted  from d i r e c t  con tac t  
w i t h  t h e  so lu t i on .  
2. The Honeywell Corporat ion uses s i l i c a  ge l  pre-loaded w i t h  water 
t o  produce c o n t r o l l e d  r e l a t i v e  humid i ty  leve ls .  A curve o f  
e q u i l i b r i u m  r e l a t i v e  humid i ty  versus t h e  q u a n t i t y  o f  water added 
can be developed f o r  each l o t  o f  s i l i c a  ge l .  The curve can be 
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r e l i a b l y  used t o  pre-load s i 1  
r e l a t i v e  humid i ty .  
3. S i l i c a  gel i s  less s t a b l e  f o r  
of  t ime than s a l t  s o l u t i o n s  s 
\ 
ca ge l  w i t h  water t o  a des i red 
mois ture c o n t r o l  over  a long per iod  
nce t h e  r e l a t i v e  humid i ty  i s  a 
continuous func t i on  of t h e  water added t o  t h e  s i l i c a  ge l .  
4. I f  a s t e r i l e  humid i ty-contro l  medium Is desired, s i l i c a  ge l  
and water can be heat  s t e r i l i z e d  separate ly  and mixed a s e p t i c a l l y .  
5. A i r  movement i s  needed i n  a humid i ty  con t ro l  chamber t o  prevent 
unduly long e q u i l i b r a t i o n  times. A fan i s  s a t i s f a c t o r y  b u t  t h e  
motor should be kept  ou ts ide  t h e  cab ine t  i n  o rder  t o  avoid heat 
problems. A l t e r n a t i v e l y ,  a rheos ta t  o r  o the r  con t ro l  may be used 
t o  lower power consumption o r  t h e  cab ine t  may be designed t o  
d i s s i p a t e  heat  r a p i d l y .  To minimize a i r  c i r c u l a t i o n  requirements, 
t h e  s i l i c a  gel may be suspended i n  small packages a t  many loca t ions  
i n  t h e  c o n t r o l l e d  cabinet .  
6. I f  a humid i ty  cab ine t  i s  no t  temperature con t ro l l ed ,  t h e  q u a l i t y  of 
a i r  c o n d i t i o n i n g  i n  t h e  surrounding room may cause problems. A Z0F 
v a r i a t i o n  i n  room temperature i s  l i k e l y  i n  an a i r -cond i t ioned room: 
i n  a d d i t i o n  t o  causing f l u c t u a t i o n s  i n  t h e  r e l a t i v e  humidity, a Z 0  
temperature change may cause condensation i n  a h igh  r e l a t i v e  humid i ty  
chamber. 
Experimental Procedure - General Recommendations f o r  Loading S i l i c a  Gel w i t h  
Water 
The loading procedure cons is t s  o f  adding t h e  water t o  t h e  s i l i c a  gel i n  
several po r t i ons  i n  a sealed j a r ,  m ix ing  gen t l y  b u t  thoroughly  a f t e r  each 
add i t i on .  An ove rn igh t  (4-15 hours) s t a b i l i z i n g  pe r iod  should be al lowed 
before t h e  e q u i l i b r i u m  r e l a t i v e  humid i ty  i s  checked and t h e  gel  pu t  i n t o  use. 
Since the re  i s  a l o t - t o - l o t  v a r i a t i o n  i n  t h e  water- loading c h a r a c t e r i s t i c s  of 
s i l i c a  gel,  t h e  e q u i l i b r i u m  r e l a t i v e  humid i ty  must be checked and a r e l a t i v e  
humid i ty  versus water-load 
accurate r e  I a t  i ve hum i d i t y  
curve from our labora tory  
The water-loaded s i 1  
temperature. 
ng curve developed for  each l o t  o f  s i l i c a  gel i f  
cond i t i ons  are  t o  be produced. A t y p i c a l  loading 
s shown i n  F igure A - I  a 
ca gel should be s to red  and used a t  a constant 
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Figure A - l  - Re la t i ve  humid i ty  as a func t i on  of  t h e  q u a n t i t y  of water 
added t o  one l o t  o f  s i  I i c a  ge l .  Temperature 45OC 
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I n  our  labora tor ies ,  s i l i c a  gel loaded w i t h  water has been used 
3 
t o  produce a c o n t r o l l e d  r e l a t i v e  humid i ty  environment i n  both small 
p l a s t i c  (200 ml )  and g lass (500 m l )  conta iners and I n  a small (0.2 m 1 
p l a s t i c  g love box. 
Reuse o f  t h e  gel  i s  n o t  recommended s ince  t h e  r e l a t i v e  humid i ty  
r e p r o d u c i b i l i t y  decreases a f t e r  t h e  f i r s t  use. 
Procedures for  Sma I I PI a s t  i c  and GI ass Containers 
Refr igerat ion-grade s i l i c a  ge l ,  mesh s i z e  8-20 i s  used. The gel i s  
d r i e d  i n  a forced a i r  oven a t  IOOOC, for  24 hours, weighed i n t o  screw cap 
b o t t l e s ,  reheated t o  IOO°C, for  24 hours, t i g h t l y  capped and s to red  u n t i l  
used. 
Twenty-four hours be fore  s e t t i n g  up t h e  r e l a t i v e  humid i ty  chamber 
t h e  c o r r e c t  amount of d i s t i l l e d  water i s  added t o  t h e  s i l i c a  ge l .  Thorough 
mix ing i s  accomplished by g e n t l e  a g i t a t i o n  o f  t h e  b o t t l e .  Hard shaking i s  
no t  recommended s ince  i t  appears t o  break up t h e  c r y s t a l s .  The water and 
gel a r e  then e q u i l i b r a t e d  for  24 hours before being added t o  t h e  humid i ty  
chamber. 
The boxes a r e  f i t t e d  w i t h  a bulkhead connector and r e l a t i v e  humid i ty-  
temperature sensor so t h a t  humid i ty  can be measured w i thou t  opening t h e  
inner  box. 
p r i a t e  amount o f  water t o  t h e  box, t h e  cover i s  taped i n  p lace w i t h  masking 
tape; t h e  box i s  then heat sealed i n  double po lyethy lene bags and placed 
i n  a contro l led- temperature chamber. 
A f t e r  t h e  a d d i t i o n  o f  50 grams of s i l i c a  gel p l u s  t h e  appro- 
The p l a s t i c  bag i s  c u t  open a t  i n t e r v a l s  t o  measure t h e  r e l a t i v e  
humid i ty  ( a  Honeywell Ind ica tor ,  #W611A was used f o r  t h e  r e l a t i v e  humid i ty  
measurement.) The boxes a re  immediately resealed i n  p l a s t i c  bags. The 
taped box i t s e l f  i s  n o t  opened. 
The r e p r o d u c i b i l i t y  of a s p e c i f i c  r e l a t i v e  humid i ty  i n  r e p l i c a t e  
boxes va r ies  w i t h  t h e  humid i ty .  The ac tua l  r e l a t i v e  humid i ty  recorded over  
a two-month pe r iod  on boxes intended t o  be a t  <2%, 50% and >90% i s  shown 
i n  Table I .  On r e p l i c a t e  boxes dry  s i l i c a  gel always produced a r e l a t i v e  
humid i ty  of less than 2$ wh i l e  a t  h igher  humid i t ies ,  r e p r o d u c i b i l i t y  was t5$. 
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Table I - Re la t i ve  Humidity Levels i n  Ind i v idua l  5 l /4", 3 1/2" and 
2 1/2" P l a s t i c  Boxes a t  45OC as a Function 
of Time During an Experiment 
T i  me Box # I  
Desired RH <2% 
A f t e r  2 days <2% 
A f t e r  30 days <2% 









Procedure for  Glove Box 
S i l i c a  ge l  pre-loaded w i t h  water has been used t o  produce and 
main ta in  a c o n t r o l l e d  humid i ty  c o n d i t i o n  i n  p l a s t i c  g love boxes o f  
about 0.2 cub ic  meter volume. S ta in less  s tee l  pans were fastened 
together  and placed on t h e  f l o o r  of t h e  g love  box so t h a t  t h e  e n t i r e  
f l o o r  area of  t h e  g love  box was covered. 900 grams of s i l i c a  ge l  pre- 
loaded w i t h  water was spread i n  a t h i n  l aye r  over  t h e  pans. A per fo ra ted  
expanded metal f l o o r  was placed over  t h e  pans t o  prov ide a sur face on 
which t h e  samples cou ld  be placed for  e q u i l i b r a t i o n .  
To insure t h a t  t h e  temperature and humid i ty  remained uni form 
throughout t h e  g love  box, a four- inch diameter p r o p e l l e r  fan c i r c u l a t i n g  
200 cfm was mounted i n  each box. Although t h e  fan was operated a t  f u l l -  
l i n e  vo l tage t h e  heat  ou tpu t  from t h e  fan produced a temperature r i s e  of 
less than 2OC. I n  t h e  normal use of t h e  g love  box, t h e  c o n t r o l l e d  
r e l a t i v e  humid i ty  leve l  i s  rees tab l i shed i n  about t h i r t y  minutes a f t e r  
t h e  g love  box i s  opened for  a d d i t i o n  or removal o f  samples. 
Resu Its 
The system has been used over  a five-month per iod  dur ing  which 
pe r iod  t h e  r e l a t i v e  humid i ty  i n  t h e  room i n  which t h e  g love  boxes were 
located was very low. As might  be expected, t h e  low humid i ty  box 
maintained a less than 2% r e l a t i v e  humid i ty .  
however, requ i red  weekly addi t ion 's  of water t o  main ta in  a constant  r e l a t i v e  
humid i ty  leve l .  
was determined by t r i a l  each t ime. 
The h igh  humid i ty  g love  box, 
The amount o f  water requ i red  va r ied  from week t o  week and 
A r e l a t i v e  humid i ty  above 92% could n o t  
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be re1 i a b l y  a t ta ined.  
t h e  wa l l  of t h e  p l a s t i c  g love box because t h e  temperature i n  t h e  room 
surrounding t h e  box was a few degrees lower than t h e  temperature i ns ide  t h e  
g I ove box. 
When t h e  humid i ty  was above 925, water condensed on 
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APPENDIX B: CODING SPORE CROPS AT THE UNIVERSITY OF MINNESOTA 
I n t roduc t  i on 
Organizat ion i s  t h e  foundat ion o f  science and understanding. 
One researcher working w i t h  two or t h r e e  spore crops has a few problems 
i n  i d e n t i f y i n g  h i s  spores and keeping t r a c k  of t h e  r e s u l t s  from t h e  
d i f f e r e n t  spore crops. When t h e r e  a re  people i n  several l abo ra to r ies  
working w i t h  more than t e n  d i f f e r e n t  spore crops, it i s  necessary t o  
c o d i f y  these spores so t h a t  t h e  i d e n t i f i c a t  on o f  a l l  crops i s  s i m i l a r .  
P rov i s ion  i s  made i n  t h e  system f o r  a la rge  number of v a r i a t i o n s  i n  
spore crops w i t h  a c o n t i n u i t y  of i d e n t i t y .  
have t o  be included a re  t h e  bas i c  genus and species o f  t h e  cu l tu re ,  
t h e  p lace o f  i s o l a t i o n  o r  t h e  source, t h e  methods of c u l t u r i n g  t h e  
organism and perhaps t h e  f i n a l  suspending medium. We have attempted 
t o  p u t  together  a spore code t h a t  w i l l  a l l ow  us t o  f i t  a l l  o f  our  
spore crops i n t o  one i d e n t i f i c a t i o n  system. The c o n t i n u i t y  o f  t h i s  
system i s  such t h a t  when we look a t  data from d i f f e r e n t  spore crops t h e  
code l e t t e r s  w i l l  a l l ow  us t o  have a f e e l  for  t h e  spores w i thou t  having 
t o  go back and look up t h e  d e t a i l s  on each spore crop. 
Some of t h e  va r iab les  t h a t  
Explanat ion of t h e  Spore Crop 
The code cons is t s  of f o u r  l e t t e r s .  The f i r s t  l e t t e r  designates 
t h e  genus, species and subspecies o f  t h e  organism i f  they are  known. I f  
t h e  spore i s  an unknown, any i d e n t i f y i n g  number and t h e  p lace of i s o l a t i o n  
a r e  given. 
The second l e t t e r  designates t h e  p lace  from which t h i s  labora tory  
o r i g i n a l l y  received t h e  spores. 
The t h i r d  l e t t e r  i d e n t i f i e s  t h e  s p e c i f i c  spore crop. In format ion 
inc ludes date o f  t h e  crop, c u l t u r e  p lace and method, c lean ing  procedures, 
suspending f l u i d  and any o the r  p e r t i n e n t  in format ion.  
The f o u r t h  l e t t e r  designates t h e  s torage cond i t i ons  i n  t h i s  
I aboratory  e 
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Coded %ore CroDs Used i n  t h i s  Proaress ReDort 
AAAA -
A B a c i l l u s  s u b t i l i s  var. n i g e r  
A D r ,  Favero, USPHS, Phoenlx, Arizona 
A Date cu l tu red :  August, 1968 
Place cu l tu red :  Minnesota 
Cu l tu re  procedure: No. I 
Suspend i ng f I u i d: 
-
95% ethano I 
A 95% ethanol, -2OOC 
AAAB 
A B a c i l l u s  s u b t i l i s  var. n i g e r  
A Dr .  Favero, USPHS, Phoenix, Arizona 
A Date cu l tu red :  August, 1968 
Place cu l tu red :  Minnesota 
Cu l tu re  procedure: No. I 
Suspend i ng f I u i d : 95% ethano I 
B 95% ethanol, -20°C, resuspended i n  de ion ized d i s t i  I led water a t  + 4 O C  
AAAC 
A B a c i l l u s  s u b t i l i s  var. n i g e r  
A D r .  Favero, USPHS, Phoenix 
A Date cu l tu red :  August, 1968 
Place cu l tu red :  Minnesota 
Cu l tu re  procedure: No. I 
Suspending f I u i d: 95% ethano I 
C 95% ethanol, -2OoC, resuspended i n  de ion ized d i s t i l l e d  water a t  -2OOC 
AABF -
A B a c i l l u s  s u b t i l i s  var. n i g e r  
A D r .  Favero, USPHS, Phoenix 
B Date cu l tu red :  August, 1968 
Place cu l tu red :  Minnesota 
Cu l tu re  procedure: No. I 
Suspending f l u i d :  Deionized d i s t i l l e d  water 
F Deionized d i s t i l l e d  water a t  +4OC 
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AADB 
B a c i l l u s  s u b t i l i s  var. n i g e r  
D r .  Favero, USPHS, Phoenix 
Date cu l tu red :  June, 1969 
Place cu l tu red :  Minnesota 
Cu l tu re  procedure: No. I 
Suspend i ng f I u i d : 
95% ethanol, -20°C, resuspended i n  deionized d i s t i  I led water a t  +4OC 

















B a c i l l u s  s u b t i l i s  var .  n i g e r  
D r .  Favero, USPHS, Phoenix 
Date cu l tu red :  March, 1969 
Place cu l tu red :  USPHS, Phoenix, Arizona 
Cu l tu re  procedure: No. 2 
Suspending f l u i d :  Buf fered d i s t i t l e d  water 
Date received: March, 1969 
Condi t ion when received: Packed i n  
Buf fered d i s t i l l e d  water a t  +4OC 
AANE -
B a c i l l u s  s u b t i l i s  var .  n i g e r  
D r .  Favero, USPHS, Phoenix 
Date cu l tu red :  March, 1969 
Place cu l tu red :  USPHS, Phoenix, A r  
Cu l tu re  procedure: No. 2 
Suspending l i q u i d :  Buf fered d i s t i l  
Date received: March, 1969 





Buf fered d i s t i l l e d  water a t  +4OC, resuspended i n  deionized d i s t i l l e d  
water a t  +4OC 
AAOE 
B a c i l l u s  s u b t i l i s  var. n i g e r  
D r .  Favero, USPHS, Phoenix 
Date cu l tu red :  March, 1969 
Place cu l tu red :  USPHS, Phoenix, Arizona 
-
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Cu l tu re  procedure: No; 2 
Suspending f l u i d :  Buf fered d i s t i l l e d  water 
Date received: September, 1969 
Cond i t ion  when received: Packed i n  dry  ice, f rozen 
water a t  +4OC 
E Buf fered d i s t i l l e d  water a t  +4OC, resuspended i n  de ion ized d i s t i l l e d  
VDLA -
V Unknown, I s o l a t e  #4-47A9 Mariner ' 6 9  
D J e t  Propuls ion Lab 
L Date cu l tu red :  October, 1969 
Place cu l tu red :  JPL, Pasadena, C a l i f o r n i a  
Cu l tu re  procedure: No. 2 
Suspending f l u i d :  95% ethanol 
Date received: December, 1969 
Condi t ion when received: Packed i n  d ry  i c e  
A 95% ethanol, -2OOC 
VDLB 
V Unknown, I s o l a t e  #4-47A, Mar iner  ' 6 9  
D J e t  Propuls ion Lab 
L Place cu l tu red :  JPL, Pasadena, C a l i f o r n i a  
Cu l tu re  procedure: No. 2 
Suspending f l u i d :  95% ethanol 
Date received: December, 1969 
Cond i t ion  when received: Packed i n  dry  i c e  
B 95% ethanol, - 20°C, resuspended i n  deionized, d i s t i  I led water a t  +4OC 
Procedure No. I - Spore Product ion Using Supplemented TAM Sporu la t ion  Medium 
I .  Use Difco TAM Sporu la t ion  Agar #0892. 
t o  t h e  d i r e c t i o n s  on t h e  b o t t l e .  
The medium i s  prepared according 
P r i o r  t o  pour ing t h e  medium i n t o  t h e  
p l a t e s  it i s  supplemented w i t h  two s a l t  s o l u t i o n s :  
a. Calcium ch lo r i de :  Make a 10% CaCI2 so lu t i on ,  f i l  
and add 0.8 m l  per  l i t e r  a f t e r  medium has cooled. 
b. Magnesium s u l f a t e :  Make a 10% MgS04 so lu t i on ,  f i  
and add 0.2 m l  per  l i t e r  a f t e r  coo l ing .  
e r  s t e r i  
t e r  s t e r  
i ze 
I i z e  
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2. 
3 .  
4. 
5. 
6 .  
7 .  
8. 
Heat shock an aqueous suspension o f  spores a t  8OoC for f i f t e e n  
minutes. Using t h e  heat  shocked suspension i nocu la te  t h e  sur face 
of a supplemented TAM p l a t e  w i t h  a c o t t o n  swab. Incubate a t  41OC 
f o r  24 hours o r  u n t i l  spo ru la t i on  occurs. 
Prepare a heavy suspension o f  spores from t h e  above TAM p l a t e  i n  
s t e r i l e  de ion ized d i s t i l l e d  water and heat  shock a t  8OoC f o r  f i f t e e n  
minutes. 
incubate a t  4I0C for  th ree  hours. 
Swab t h e  above p l a t e  and inocu la te  another p l a t e  o f  TAM t h a t  has 
been e q u i l i b r a t e d  a t  41OC. 
t h i s  procedure. 
You should now have a c u l t u r e  t h a t  i s  i n  t h e  log phase o f  growth. 
Use t h i s  p l a t e  t o  inocu la te  t e n  p l a t e s  o f  TAM t h a t  a r e  a t  41OC. 
Incubate a t  41OC f o r  a t  l eas t  24 hours. 
m ic roscop ica l l y  fo r  sporu la t ion .  
l e a s t  90% sporu la t i on  a f t e r  48 hours should be discarded. 
C o l l e c t  t h e  growth from t h e  p l a t e s  us ing a minimal amount o f  co ld  
s t e r i l e  de ion ized d i s t i l l e d  water. Using a Branson Sonogen A 
Ser ies u l t r a s o n i c  bath, insonate i n  c o l d  0.3% Tween 80 f o r  t h i r t y  
minutes a t  25 Khzhec.  t o  break up vegeta t ive  c e l l s .  
o f  t h e  bath i s  monitored and maintained a t  5-IOoC by t h e  a d d i t i o n  
Inocu la te  a f resh  p l a t e  of TAM w i t h  a co t ton  swab and 
Incubate for  th ree  hours and repeat  
Check each p l a t e  
Any p l a t e  t h a t  does no t  have a t  
The temperature 
o f  ice.  
Cent r i fuge t h e  suspension a t  2400 rpm, 4OC us ing a r e f r i g e r a  
cen t r i f uge .  The spores w i l l  separate from t h e  c e l l u l a r  debr 
Wash and r e c e n t r i f u g e  s i x  t imes. I f  t h e  f i n a l  suspension i s  
s to red  i n  955% ethanol, r i n s e  t w i c e  i n  e thanol .  
The f i n a l  spore suspension i s  checked mic roscop ica l l y  by mak 
ed 
S .  
t o  be 
ng a 
smear and s t a i n i n g  by t h e  Schaeffer and Fu l ton  M o d i f i c a t i o n  o f  t h e  
Wi r t z  Method o f  S t a i n i n g  Bac te r ia l  Spores. 
Procedure No. 2 - Spore Product ion Using Synthe t ic  Sporu la t ion  Medium-IO 
(Th is  medium was described by Lazzar in i  and Santangelo, J.  Bact.94:125-13C 
I .  This  procedure us ing Synthe t ic  Sporu la t ion  Medium-IO i s  a l i q u i d  
c u l t u r e  system. The f o l l o w i n g  ma te r ia l s  w i t h  the  except ion o f  t h e  
metal s a l t s  a re  d isso lved i n  900 m l  o f  d i s t i l l ed ,de ion i zed  water 
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and s t e r i l i z e d  fo r  f i f t e e n  minutes a t  121OC. The metal s a l t  s o l u t i o n  
i s  made up i n  ten - fo ld  concentrat ion.  100 ml are  added a s e p t i c a l l y  
t o  t h e  base medium a f t e r  it has cooled 
Per I i t e r  
K2HP04*3H20 (K2HP04) 
KH2P04 
Sod i um C i t r a t e  
T r i s  (hydroxymethyl) 





Glutamic a c i d  4.4 gm 
G I  ucose 1.5 gm 
Tryptophan 25.0 mg 











2. Three hundred ml p o r t i o n s  o f  t h e  complete medium i n  Be l I co  one l i t e r  
b a f f l e d  f l a s k s  a re  inoculated w i t h  5 m l  o f  a 24-hour SSM-IO b ro th  
c u l t u r e .  Flasks are  then incubated a t  136 rpm and 32OC f o r  f i v e  days 
(ca. 90% spores) i n  a Psychro-Therm Incubator Shaker (New Brunswick 
S c i e n t i f i c  Co.). 
3. A f t e r  incubation, growth i n  800 m l  of medium i s  harvested w i t h  a 
r e f r i g e r a t e d  continuous flow c e n t r i f u g e  a t  800 x g. 
placed i n  an i c e  bath and exposed t o  u l t r a s o n i c  energy using a probe 
opera t ing  a t  60% maximum i n t e n s i t y  fo r  90 seconds, t o  d i s r u p t  clumps and 
c e l l  debr is .  
P e l l e t s  a re  po l led,  
4. The spore suspension i s  then recent r i fuged and washed f o u r  t imes. I f  
t h e  spores a re  t o  be s to red  i n  ethanol, r i n s e  them t w i c e  w i t h  ethanol. 
5. The f i n a l  spore suspension i s  checked mic roscop ica l l y  by making a smear 
and s t a i n i n g  by t h e  Schaef fer  and Fu l ton  M o d i f i c a t i o n  of t h e  Wi r t z  
Method o f  S ta in ing  Bac te r ia l  Spores. 
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APPENDIX C: METHOD OF RANDOMIZATION OF TREATMENT CONDIT 
(Th is  example i s  f o r  Experiment 5. I n  o the r  experiments 
was t h e  same b u t  t reatment  combinations d i f f e r e d . )  
1 .  Each t r i a l  u t i l i z e d  28 permanently-numbered rectangu 
ONS 
t h e  method 
a r  copper 
boats each conta i n  i ng a row of f i ve I /2"-square, s t e r  i I e, s t a  i n I ess 
s t e e l *  s t r i p s  (p lanchets)  which lay f l a t  i n  a shal low groove 
running t h e  length o f  each boat. 
2. The boats were arranged i n  numerical order, p a r a l l e l  t o  each 
o the r  on a c lean s t a i n l e s s  s tee l  sheet. 
3. By means of a twenty P I  Eppendorf M i c r o l i t e r  P ipe t te**  0.02 m l  of 
aqueous 
each s t r i p  i n  a serpent ine manner s t a r t i n g  a t  t h e  upper l e f t -  
hand corner  and con t inu ing  t o  t h e  upper r i g h t ,  f o l l o w i n g  t h e  
d i agram as i nd ica ted  : 
spore suspension (%I x I O 6  spores) was deposited onto 
<--- 28 Para1 le1 numbered copper boats ----> 
S t a r t  








The serpent ine o rde r  o f  spore depos i t ion  was intended t o  
reduce between-boat v a r i a t i o n  a t  t h e  poss ib le  expense o f  
increased w i th in -boat  v a r i a t i o n .  
F i n i s h  
f o u r  t reatment  combination groups: (RH measured a t  4. There were 
22-24OC) 
a. < I $  RH 
b. 35% RH 
c. < I $  RH 
d .  35% RH 
*Type 302 f u l  
cond i t i on ing  
cond i t i on ing  
cond i t i on ing  
cond i t i on ing  
hard spr ing-  
inch th ickness 
and < I $  RH heat ing  
and < I %  RH heat ing  
and 35% RH heat ing  
and 35% RH heat ing  
emper s t a i n l e s s  s tee l  shim stock, 0.015- 
**See Procedure f o r  t h e  Deposi t ion o f  a Spore Suspension by Use o f  
t h e  Eppendorf Micro1 i t e r  P i p e t t e  (Appendix D) 
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For each treatment-combination group, (a t h r u  d) seven copper 
boats were randomly assigned. Fo l low ing  i s  a sample random- 
a l l o c a t i o n  o f  boats t o  treatment. 
T rea t  men t 
NO 
1s t  heat ing  t ime 
2nd heat ing  t ime  
3rd heat  i ng ti me 
4 th  heat ing  t ime  
5 th  heat ing  t ime  
Spa r e  
CoDDer Boat Number 
d 
I 1  I 28 3 
2 16 I 9  13 
18 25 4 22 
24 17 26 7 
9 15 14 IO 
27 5 20 23 
12 6 21 8 
- C - b - a - 
Four o f  t h e  f i v e  p lanchets  were processed from each copper boat. 
The cen te r  one was n o t  analyzed unless another was los t ,  up t o  
t h e  p o i n t  where p l a t e s  were placed sa fe l y  on t h e  incubator  s h e l f .  
Experience t o  date i nd i ca tes  t h a t  t h i s  sa fe ty  margin was adequate 
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APPENDIX D: PROCEDURE FOR THE DEPOSITION OF A SPORE SUSPENSION 
BY USE OF THE EPPENDORF MICROLITER PIPETTE* 









IO .  
A s t e r i l e ,  d ry  t i p  was placed over  t h e  con ica l  lower p a r t  of t h e  
p i p e t t e  (ye l low fo r  5 t o  100 1.11, red  for  101 t o  1000 u l ) .  
The spore suspension was mixed on t h e  Vortex Mixer, maximum 
power fo r  f i v e  t o  s i x  seconds. 
spore suspension be fore  making t h e  f i r s t  deposi t .  
again a f t e r  every n ine  deposits, t h e  cover was replaced be fore  
mixing. 
The stem of t h e  p i p e t t e  was grasped so t h a t  t h e  thumb could 
operate t h e  co lo red  bu t ton  on top .  
The pushbutton was depressed t o  f i r s t  stop, then t h e  t i p  was 
immersed s l i g h t l y  i n t o  t h e  spore suspension. 
The pushbutton was al lowed t o  r e t u r n  t o  s t a r t i n g  Dos i t ion ;so lu t ion  
entered t h e  t i p .  
The t i p  was withdrawn from t h e  spore suspension and moved s lowly  
a long t h e  we l l  of  t h e  tube; t h e  edge was touched s l i g h t l y  t o  
remove excess. 
The t i p  was placed c lose  t o  t h e  sur face  o f  t h e  s t a i n l e s s  s tee l  s t r i p  
The pushbutton was depressed t o  f i r s t  stop, and a f t e r  one second it 
continued a l l  t h e  way down t o  t h e  second stop.  
With t h e  pushbutton remaining f u l l y  depressed t h e  p i p e t t e  was 
s low ly  withdrawn. 
o b t a i n  maximum chal lenge e f f e c t .  
The pushbutton was al lowed t o  r e t u r n  t o  s t a r t i n g  p o s i t i o n .  
The p i p e t t e  was r l nsed  once w i t h  
I t  was mixed 
The spore depos i t  was n o t  spread so as t o  
*The f i l l e d  p i p e t t e s  were always h e l d  up r igh t .  A spec ia l  rack was used 
for  temporary u p r i g h t  storage. 
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APPENDIX E: GU 
I .  Count co lon 
as TNTC. 
DELINES FOR THE ESTIMATION OF THE NUMBER OF S U R V I V I N G  
SPORES FOLLOWING DRY HEAT TREATMENT 
es on a l l  p l a t e s  and record p l a t e s  w i t h  >600 co lon ies  
2 .  Do no t  use any p l a t e d  a l i q u o t  which has a TNTC count o r  a zero 
count i n  any c a l c u l a t i o n .  
3. When making ca l cu la t i ons ,  i f  possible, use r e s u l t s  from t h a t  d i l u t i o n  
y i e l d i n g  a mean count (mean o f  8 colony counts; 2 each from 4 s t r i p s )  
i n  t h e  range of 30-300 ( r e f e r  t o  Standard Methods o f . D a i r y  Products, 
12th Ed i t i on ,  1967.) I f  two such d i l u t i o n s  appear, use t h e  one which 
y i e l d s  t h e  h ighes t  ex t rapo la ted  mean count. 
4. I f  no such d i l u t i o n  appears, then use a d i l u t i o n  w i t h  a mean of 
20 o r  greater ,  o r  less than 500. I f  t h e r e  are two such d i l u t i o n s ,  
again use t h e  h ighes t  ex t rapo la ted  mean. 
Under no circumstances are data from two o r  more d i f f e r e n t  a l i q u o t s  
used. I f  no d i l u t i o n  y i e l d s  app l i cab le  counts, t h a t  data t ime-point  
i s  considered l o s t .  
5. 
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APPENDIX F: GUIDELINES FOR QUALITY CONTROL OF CULTURE MEDIUM 
(TRYPTICASE SOY AGAR, BALTtMORE BIOLOGICAL 
LABORATORIES, PRODUCT NUMBER 11043) 






Record t h e  l o t  number of  t h e  dehydrated medium. 
When s t e r i l i z i n g  a batch of medium, which has been prepared 
according t o  t h e  s p e c i f i c a t i o n s  o f  t h e  manufacturer*, p lace a 
maximum-registering thermometer i n  t h e  chamber of t h e  autoclave 
dur ing  t h e  s t e r i l i z a t i o n  cyc le .  ( C a p i l l a r y  con f rac t i on  a l lows 
t h e  mercury t o  r i s e  when heated b u t  prevents it from receding 
u n t i l  it i s  shaken down.) Remove it from t h e  autoclave a t  t h e  
completion of t h e  s t e r i l i z a t i o n  cyc le ,  and a l l ow  it t o  cool t o  
room temperature be fore  read i ng . (Er ro rs  may resu I t  i f read i ng 
i s  taken be fore  thermometer has cooled.) A vacuum e x i s t s  above 
t h e  mercury column and readings must be made w i t h  t h e  thermometer 
i n  u p r i g h t  pos i t i on .  Record t h e  reading along w i t h  an assigned 
batch number on a separate sheet of paper. 
s t e r i l i z a t i o n  c y c l e  on t h e  record ing  c h a r t  which ind ica tes  temper- 
a t u r e  and t ime  and save t h e  cha r t .  P e r i o d i c a l l y  check t h e  
Ind i ca te  t h e  s p e c i f i c  
accuracy of a l l  thermometers used aga ins t  a 
recorded t ime  o f  t h e  s t e r i  I i z a t i o n  c y c l e  by 
of  b u i l t - i n  thermometers. I f  d iscrepancies 
autoc lave t o  c o r r e l a t e  w i t h  t h e  s ta ted  t ime 
c h a r t  and t h e  s ta ted  pre-set temperature o f  
s t e r i l i z a t i o n  cyc le .  
standard. Check t h e  
actua I observat ion 
occur, a d j u s t  t h e  
and temperature o f  t h e  
t h e  chamber dur ing  t h e  
Store t h e  prepared medium i n  t h e  r e f r i g e r a t o r  a t  4OC, i n  t i g h t l y -  
closed, screw-cap tubes, f o r  a pe r iod  no t  exceeding one month. 
Me l t  t h e  medium on t h e  same day it i s  t o  be used. 
a t  t h e  beginning o f  t h e  day i s  used a t  t h e  beginning of p l a t i n g  
f o r  t h a t  day,) 
When me l t i ng  tubes o f  medium, use a f i x e d  t ime;  i n  t h e  la rge  
autoc lave, f ive minutes; i n  t h e  small autoclave,three minutes.  Upon 
completion of  t h e  me l t i ng  cycle, t r a n s f e r  t h e  tubes immediately t o  
t h e  media cond i t i one r  (50-53OC) o r  water bath (50-53OC). Any tubes 
w i t h  a decrease i n  volume should be discarded. 
Any tubes of medium conta in ing  a p r e c i p i t a t e  should be discarded, 
as t h e i r  use may r e s u l t  i n  reduced capac i ty  for  growth promotion. 
(Medium melted 
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P r e c i p i t a t i o n  is usua l l y  a r e s u l t  o f  overheat ing.  
Discard unused tubes of melted medium a t  hhe end o f  t h e  working 
day and do no t  remel t  prepared medium more than once. 
o f  dehydrated media. 
7. 
8. Prepare a l l  media used i n  a s i n g l e  experiment from t h e  sgme ' ' l o t "  
*Method o f  Preparat ion:  Suspend 40 grams o f  t h e  powder i n  a I i t e r  of 
d i s t i l l e d  water and mix thoroughly.  
b o i l  f o r  one minute and dispense and s t e r i l i z e  a t  118OC t o  12IoC 
(no t  over f i f t e e n  pounds o f  steam pressure f o r  f i f t e e n  minutes. 
Do no t  overheat.) 
Heat w i t h  f requent  ag i ta t i on ,  
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